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Dysregulation of intracellular pathways for proteolytic processing may be 
central to the pathophysiology of AD, In the case of plaque formation, mutations in 
APP, PSl or PS2 consistently alter the proteolytic processing of APP so as to enhance 
formation of AP 1-42, a form of the Ap peptide which seems to be particularly 
5 amyloidogKiic, and thus very important in AD. EHfiFerent forms of APP range in size 
from 695-770 amino acids, localize to the cell surface, and have a single C-terminal 
transmembrane domain. Examples of specific isotypes of APP which are currently 
known to exist in humans are the 695-amino acid polypeptide described by Kang 
al (1987), Nature 325: 733-736 which is designated as the '*normal" APP; the 751 

10 amino acid polypeptide described by Ponte et al (1988X Nature 331: 525-527 (1988) 
and Tanzi et al (1988), Nature 331: 528-530; and the 770 amino add polypeptide 
. described by Kitaguchi et. al (1988), Nature 331 : 530-532. The Abeta peptide is 
derived from a region of APP adjacent to and containing a portion of the 
transmembrane domain. Normally, processing of APP at the a-secretase site cleaves 

15 the midregion of the AP sequence adjacent to the membrane and releases the soluble, 
extracellular domain of APP from the cell surface. This a-secretase APP processing 
creates soluble APP- a, which is normal and not thought to contribute to AD. 
Pathological processing of APP at the p- and y-secretase sites, which are located N- 
terminal and C-tenninal to the a-secretase site, respectively, produces a very different 

20 result than processing at the a site. Sequential processing at the P- and y-secretase 
sites releases the Ap peptide, a peptide possibly very important in AD pathogenesis. 
Processing at the p- and y-secrdase sites can occur in both the endoplasmic reticulum 
(in neurons) and in the endosomal/Iysosomal pathway after reintemalization of cell 
surface APP (in all cells). Despite intense efforts, for 10 years or more, to identify the 

25 enzymes responsible for processing APP at the p and y sites, to produce the Ap 
peptide, those proteases remained xmknown until this disclosure. 


SUMMARY OF THE INVENTION 

Here, for the first time, we rqoort the identification and characterization of the 
30 p secretase enzyme, termed Aspartyl Protease 2 (Asp2). We disclose some known 
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comprises the nucleotide sequence in SEQ ID NO. 1 . Preferably, the first nucleic acid 
of the first special set of amino acids, that is, the first special nucleic acid, is operably 
linked to any codon where the nucleic acids of that codon codes for any peptide 
comprising from 1 to 10,000 amino acid (positions). In one variation, the first special 
5 nucleic acid is operably linked to nucleic acid polymers that code for any peptide 
selected from the group consisting of: any reporter proteins or proteins which 
^ciUtate purification. For example, the first special nucleic acid is operably linked to 
nucleic acid polymers that code for any pq^tide selected from the group consisting of: 
immunoglobin-heavy chain, maltose binding protein, glutathione S transferase. Green 

1 0 Fluorescmt protein, and ubiquitin. In another variation, the last nucleic acid of the 
second set of special amino acids, that is, the last special nucleic acid, is operably 
linked to nucleic acid polymers that code for any pq>tide comprising any amino adds 
from 1 to 10,000 amino acids. La still another variation, the last special nucleic acid is 
operably linked to nucleic acid polymers that code for any peptide selected from the 

1 5 group consisting of: any reporter proteins or proteins which facilitate purification. For 
example, the last special nucleic acid is operably linked to nucleic add polymers that 
code for any peptide selected from the group consisting of: immunoglobin-heavy 
chain, maltose binding protein, glutathione S transferase. Green Fluorescent protein, 
and libiquitin. 

20 In a related aspect, the invention provides any isolated or purified nucleic acid 

polynucleotide that codes for a protease capable of cleaving the beta secretase 
cleavage site of APP that contains two or more sets of special nucleic acids, where the 
special nucleic acids are sq>arated by nucleic acids that code for about 100 to 300 
amino acid positions, where the amino acids in those positions may be any amino 

25 acids, where the first set of special nucleic acids consists of the nucleic acids that code 
for DTG, where the first nucleic acid of the first spedal set of nucleic acids is the first 
spedal nucleic acid, and where the second set of nucleic acids code for either DSG or 
DTG, where the last nucleic acid of the second set of special nucleic acids is the last 
special nucleic add, where the first special nucleic acid is operably linked to nucleic 

30 acids that code for any nimiber of amino acids from zero to 81 amino acids and where 
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codons. In a highly preferred embodiment, the polynucleotide comprises a sequence 
that is at least 95% identical to aspartyl-protease encoding sequences taught herein. In 
one variation, the second set of Sf^dal nucleic acids code fer the peptide DSG. In 
another variation, ttie first set of nucleic acid polynucleotide is operably linked to a 
5 peptide piuification tag. For example, the nucleic acid polynucleotide is operably 

linked to a peptide purification tag which is six histidine. In still another variation, the 
first set of special nucleic acids are on one polynucleotide and the second set of 
special nucleic acids are on a second polynucleotide, where both first and second 
polynucleotides have at lease 50 codons. In one embodiment of this type, both of the 

10 polynucleotides are in the same solution. In a related aspect^ the invention provides a 
vector which contains a polynucleotide as described above, or a cell or cell line which 
is transformed or transfected with a polynucleotide as described above or with a 
vector containing such a polynucleotide. 

In still another aspect, the invention provides an isolated or purified peptide or 

1 5 protein comprising an amino acid polymer that is a protease capable of cleaving the 

beta (P) secretase cleavage site of APP that contains two or more sets of special amino 
acids, where the special amino acids are separated by about 100 to 300 amino acid 
positions, where each amino acid position can be any amino acid, where the first set 
of special amino acids consists of the peptide DTG, where the first amino acid of the 

20 first special set of amino acids is, the first special amino acid, where the second set of 
amino acids is selected from the peptide comprising either DSG or DTG, where the 
last amino acid of the second set of special amino acids is the last special amino add, 
with the proviso that the proteases disclosed in SEQ ID NO. 2 and SEQ ID NO. 4 are 
not included. In preferred embodiments, the two sets of amino acids are separated by 

25 about 125 to 222 amino acid positions or about 150 to 1 96 amino acids, or about 150- 
190 amino acids, or about 1 50 to 172 amino acids, wh^ in each position it may be 
any amino acid. In a particular embodiment, the two sets of amino acids are separated 
by about 172 amino acids. For example, the protease has the amino acid sequence 
described in SEQ ID NO 6. In another particular embodiment, the two sets of andno 

30 acids are separated by about 196 amino acids. For example, the two sets of amino 
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number of amino acids from zero to 81 amino acid positions where in each position it 
may be any amino acid. In a preferred embodiment, the first special amino acid is 
operably linked to a peptide from about 30-77 or about 64 to 77 amino acids positions 
where each amino acid position maybe any amino acid. In a particular embodiment, 
5 the first special amino acid is operably linked to a peptide 35, 47, 7 1 , or 77 ammo 

acids. In a very particular embodiment, the first special amino acid is q)erably linked 
to 71 amino acids and the first of those 71 amino adds is the amino acid T. For 
example, the polypeptide comprises a sequence that is at least 95% identical to an 
aspaityl protease sequence as described herein. Iq another embodiment, the first 

1 0 special amino acid is operably linked to any number of fi^m 40 to 54 amino acids 
(positions) where each amino acid position may be any amino acid. In a particular 
embodiment, the first special amino acid is operably linked to amino acids that code 
for a peptide of 47 amino acids. In a very particular embodiment, the first special 
amino acid is operably linked to a 47 amino acid peptide where the first those 47 

15 amino acids is the amino acid E. In another particular embodiment, the first special 
amino acid is operably linked to the same corresponding peptides fix)m SEQ ID NO. 3 
that are 35, 47, 71, or 77 peptides in length, beginning counting with the amino acids 
on the first special sequence, DTG, towards the N-tenninal of SEQ ID NO. 3. In 
another particular embodiment, the polypeptide comprises a sequence that is at least 

20 95% identical to the same corresponding amino acids in SEQ ID NO. 4, that is, 
identical to that portion of the sequences in SEQ ID NO. 4, including all the 
sequences firom both the first and or the second special nucleic acids, toward the - 
terminal, through and including 71, 47, 35 amino acids before the first special amino 
acids. For example, the complete polypeptide comprises the peptide of 71 amino 

25 acids, where the first of the amino acid is T and the second is Q, 

In still another related aspect, the invention provides any isolated or purified 
amino acid polypeptide that is a protease capable of cleaving the beta (P) secretase 
cleavage site of APP that contains two or more sets of special amino acids, where the 
special amino acids are sq)arated by about 100 to 300 amino acid positions, where 

30 each amino acid in each position can be any amino acid, where the first set of special 
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Other than the amino acid sequences set forth in SEQ ID NOs: 2 and 4. Similarly, the 
invention provides a purified polynucleotide comprising a nucleotide sequence that 
encodes a polypeptide that cleaves the beta secretase cleavage site of amyloid protein 
precursor, wherein the polynucleotide includes a strand that hybridizes to one or more 
5 of SEQ ID NOs: 3, 5, and 7 under the following hybridization conditions: 

hybridization overnight at 42°C for 2.5 hours in 6 X SSC/0.1% SDS, followed by 
washing in 1 .0 X SSC at 65°C, 0.1% SDS. In one embodiment, the polypqjtide 
comprises an amino acid sequence depicted in SEQ ID NO: 2 or 4, whereas in another 
embodiment, the polypeptide comprises an amino acid sequence other than the amino 

10 add sequences set forth in SEQ ID NOs: 2 and 4. Likewise, the invention provides a 
purified polypeptide having aspart^ protease activity, wherein the polypeptide is 
encoded by polynucleotides as desaibed in the preceding sentences. The invention 
also provides a vector or host cell comprising such polynucleotides, and a method of 
making the polypeptides using the vectors or host cells to recombinantly express the 

15 polypeptide. 

In yet another aspect, the invention provides an isolated nucleic acid molecule 
comprising a polynucleotide, said polynucleotide encoding a Hu-Asp polypeptide and 
having a nucleotide sequence at least 95% identical to a sequence selected firom the 
group consisting of: 

20 (a) a nucleotide sequence encoding a Hu-Asp polypeptide selected 

firom the group consisting of Hu-Aspl, Hu-Asp2(a), and Hu-Asp2(b), wherein said 
Hu-Asp 1, Hu-Asp2(a) and Hu-Asp2(b) polypeptides have the complete amino acid 
sequence of SEQ ID NO. 2, SEQ ID NO. 4, and SEQ ID NO. 6, respectively; and 
(b) a nucleotide sequence complementary to the nucleotide 

25 sequence of (a). 

Several species are particularly contemplated. For example, the invention 
provides a nucleic acid and molecule wherein said Hu-Asp polypq)tide is Hu-Aspl, 
and said polynucleotide molecule of 1(a) comprises the nucleotide sequence of SEQ 
ID NO. 1 ; and a nucleic acid molecule wherein said Hu-Asp polypeptide is 

30 Hu-Asp2(a), and said polynucleotide molecule of 1(a) comprises the nucleotide 
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The invention also provides several assays involving aspartyl protease 
enzymes of the invration. For example, the invention provides 

a method to identify a cell that can be used to screen for inhibitors of p 
secretase activity comprising: 
5 (a) identifying a cell that expresses a protease capable of cleaving APP at 

the P secretase site, comprising: 

i) collect the cells or the supernatant from the cells to be 

id^tified 

ii) measure the production of a critical peptide, where the critical 
1 0 peptide is selected from the group consisting of either the APP C-terminal peptide or 

soluble APP, 

iii) select the cells which produce the critical pq)tide. 

In one variation, the cells are collected and the critical peptide is the APP 
C-terminal peptide oneated as a result of the p secretase cleavage. In another 

15 variation, the supernatant is collected and the critical peptide is soluble APP, where 
the soluble APP has a C-terminus created by p secretase cleavage. In preferred 
embodiments, the cells contain any of the nucleic acids or polypeptides described 
above and the cells are shown to cleave the p secretase site of any peptide having the 
following peptide stmcture, P2, PI, PI P2', where P2 is K or N, where PI is M or 

20 L, where PI ' is D, where P2' is A. The method of claim 1 1 1 whare P2 is K and PI is 
M. The method of claim 1 12 where P2 is N and PI is L. 

Jn still another aspect, the invention provides novel isofbims of amyloid 
protein precursor (APP) where the last two carboxy temainus amino acids of that 
isoform are both lysine residues. In this context, the term "isoform" is defmed as any 

25 APP polypeptide, including APP variants (including mutations), and APP fragments 
that exists in humans, such as those described in US 5,766,846, col 7, lines 45-67, 
incorporated into this document by reference, modified as described herein by the 
inclusion of two C-terminal lysine residues. For example, the invention provides a 
polypeptide comprising the isoform known as APP695, modified to include two lysine 

30 residues as its last two carboxy terminus anuno acids. An exemplary polypeptide 
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cleave a substrate to produce a colonmetiic cleavage product Also contemplated are 
tag sequences which are commonly used as epitopes for quantitative immunoassays. 

In a preferred embodiment, the di-lysine-modiJSed APP of the invention is a 
human APP. For example, human APP isofimns such as APP695, APP75 1 , and 
5 APP770, modified to include the two lysines, are contemplated. In a preferred 
embodiment, the APP isoform comprises at least one variation selected fi-om the 
group consisting of a Swedish KM-NL mutation and a London V717-F mutation, or 
any other mutation that has been observed in a subpopulation that is particularly prone 
to development of Alzheimer*s disease. These mutations are recognized as mutations 

1 0 that influence APP processing into Ap. hi a highly prefened embodiment, the APP 
protein or fixigment thereof comprises the APP-Sw P-secretase peptide sequence 
NLDA (SEQ ID NO: 66), which is associated with increased levels of Ap processing 
and therefore is particularly useful in assays relating to Alzheimer's research. More 
particularly, the APP protein or fragment thereof preferably comprises the APP-Sw p- 

1 5 secretase peptide sequence SEVNLDAEFR (SEQ ID NO: 63). 

In one preferred embodiment, the APP protein or fragment thereof further 
includes an APP transmembrane domain carboxy-terminal to the APP-Sw P-secretase 
peptide sequence. Polypeptides that include the TM domain are particulariy useful in 
cell-based APP processing assays. In contrast, embodiments lacking the TM domain 

20 are useful in cell-free assays of APP processing. 

In addition to working with APP from humans and various animal models, 
researchers in the field of Alzheimer's also have construct chimeric APP polypeptides 
which include stretches of amino acids from APP of one species (e.g., hinnans) fused 
to streches of APP fit)m one or more other species (e.g., rodent). Thus, in another 

25 embodiment of the polypeptide of the invention, the APP protein or fragment thereof 
comprises a chimeric APP, the chim^c APP including partial APP amino acid 
sequences Sx>m at least two species. A chimeric APP that includes amino acid 
seiquence of a human APP and a rodent APP is particulariy contemplated. 

In a related aspect, the invention provides a polynucleotide comprising a 

30 nucleotide sequence that encodes a polypeptide as described in the preceding 
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polynucleotides, and host cells which comprises such vectors, polynucleotides, and/or 
polypeptides. 

In yet another aspect, the invention provides a method for identifying 
inhibitors of an enzyme that cleaves the beta secretase cleavable site of APP 
5 comprising: 

a) culturing cells in a culture medium under conditions in which the 
enzyme causes processing of APP and release of amyloid beta-peptide into the 
medium and causes the accumulation of CTF99 fragments of APP in cell lysates, 

b) exposing the cultured cells to a test compound; and specifically 
1 0 determining whether the test compound inhibits the function of the enzyme by 

measuring the amount of am>doid beta-peptide released into the medium and/or the 
amount of CTF99 fragments of APP in cell lysates; 

c) identifying test compounds diminishing the amount of soluble amyloid 
beta peptide preset in the culture medium and diminution of CTF99 fragments of 

1 5 APP in ceil lysates as Asp2 inhibitors. In preferred embodiments, the cultured cells 
are a human, rodent or insect cell line. It is also preferred that the human or rodent 
cell line exhibits P secretase activity in which processing of APP occurs with release 
of amyloid beta-peptide into the culture medium and accumulation of CrF99 in cell 
lysates. Among the contemplated test compounds are antisense oligomers directed 

20 against the enzyme that exhibits p secretase activity, which oligomers reduce release 
of soluble amyloid beta-peptide into the culture medium and accumulation of CTF99 
in cell lysates. 

In yet another aspect, the invention provides a method for the identification of 
an agent that decreases the activity of a Hu-Asp polypeptide selected from the group 
25 consisting of Hu-Aspl , Hu-Asp2(a), and Hu-Asp2(b), the method comprising: 

a) determining the activity of said Hu-Asp polypeptide in the presence of 
a test agent and in the absence of a test agent; and 

b) comparing the activity of said Hu-Asp p)olypeptide determiaed in the 
presence of said test agent to the activity of said Hu-Asp polypeptide detennined in 

30 the absence of said test agent; \^iiereby a lower level of activity in the presence of said 
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variation, the second composition comprises a polypeptide having an amino acid 
sequence of a human amyloid precursor protein (APP), For example, the himian 
amyloid precursor protein is selected from the group consisting of: APP695, APP751, 
and APP770. Preferably, the hiraian amyloid precursor protein (iirespective of 
5 isoform selected) includes at least on mutation selected from a KM-NL Swiss 
mutation and a V-F London mutation. As explained elsewhere, one prefened 
embodiment involves a variation wherein the polypeptide having an amino acid 
sequence of a human APP further comprises an amino acid sequence comprising a 
marker sequence attached amino-temiinal to the amino acid sequence of the human 

10 amyloid precursor protein. Preferably, the polypeptide having an amino acid sequence 
of a hxmian APP further comprises two lysine residues attached to the carboxyl 
terminus of the amino acid sequence of the human APP. The assays can be performed 
in a cell free setting, using cell-free enzyme and cell-free substrate, or can be 
performed in a cell-based assay wherein the second composition comprises a 

1 5 eukaryotic cell that expresses amyloid precursor protein (APP) or a fragment thereof 
containing a P-secretase cleavage site. Preferably, the APP expressed by the host cell 
is an APP variant that includes two carboxyl-terminal lysine residues. It will also be 
appreciated that the P-secretase enzyme can be an enzyme that is expressed on the 
surface of the same cells. 

20 The present invention provides isolated nucleic acid molecules comprising a 

polynucleotide that codes for a polypeptide selected from the group consisting of 
human aspartyl proteases. In particular, human aspartyl protease 1 (Hu-Aspl) and 
two alternative splice variants of human aspartyl protease-2 (Hu-Asp2), a "long" (L) 
form designated h^ein as Hu-Asp2(a) and a "short" (S) form designated Hu-Asp2(b). 

25 As used herein, all references to *TIu-Asp** should be understood to refer to all of 

Hu-Aspl, Hu-Asp2(a), and Hu-Asp2(b). In addition, as used herein, all references to 
"Hu-Asp2" should be understood to refer to both Hu-Asp2(a) and Hu-Asp2(b). 
Hu-Aspl is expressed most abundantly in pancreas and prostate tissues, while 
Hu-Asp2(a) and Hu-Asp2(b) are expressed most abundantly in pancreas and brain 
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describes methods to test such ag^ts in cell-free assays to which Hu-Asp2 polypeptide 
is added, as well as methods to test such agents in human or other mammaUan cells in 
which Hu-Asp2 is present. 

Additional features and variations of the invention will be ^parent to 
5 those skilled in the art from the entirety of this application, including the drawing and 
detailed description, and ail such features are intended as a^ects of the invention. 
Likewise, features of the invention described herein can be re-combined into additional 
embodiments that are also intended as a^ects of the invention, irrespective of whether 
the combination of features is specifically mentioned above as an aspect or embodiment 

1 0 of the invention. Also, only such limitations which are described herein as critical to the 
invention should be viewed as such; variations of tiie invention lacking limitations which 
have not been described herein as critical are intended as aspects of the invention. 

In addition to the foregoing, the invention includes, as an additional 
aspect, all embodiments of the invaition narrower in scope in any way than the variations 

1 5 specifically mentioned above. Although the appHcant(s) invented the fiill scope of the 
claims upended hereto, the claims appended hereto are not intended to encompass 
within their scope the prior art work of others. Therefore, in the event that statutory prior 
art within the scope of a claim is brought to the attention of the ^licants by a Patent 
Office or other entity or individual, the appUcant(s) reserve the right to exercise 

20 amendment rights under applicable patent laws to redefine the subject matter of such a 
claim to specifically exclude such statutory prior art or obvious variations of statutory 
prior art fix>m the scope of such a claim. Variations of the invention defined by such 
amended claims also are intended as aspects of the invention. 

25 BRI£F DESCRIPTION OF THE SEQUENCE LISTING 

Sequence ID No. 1 : Human Asp-1 , nucleotide sequence. 

Sequence ID No. 2: Human Asp-1 , predicted amino acid sequence. 

Sequoice ID No. 3: Human Asp-2(a), nucleotide sequence. 

Sequence ID No. 4: Human Asp-2(a), predicted amino acid sequence. The 
30 Asp2(a) amino acid sequence includes a putative signal peptide comprising residues 1 
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SequaiceE)No.l4: Hiiman APP695-VF, predicted amino acid sequence. In 

the APP 695 isoform, the VF mutation is characterized by a V-F alteration at position 

642 (conq)ared to normal APP 695). 

Sequence ID No. 15: Human APP695-KK, nucleotide sequence. 
5 Sequence ID No.l 6: Human APP695-KK, predicted amino acid sequence. 

(APP695 with two carboxy-terminal lysine residues.) 

Sequence ID No. 1 7: Human APP695-Sw-KK, nucleotide sequence. 
Sequence ID No.l 8: Human APP695-Sw-KK, predicted amino acid sequence 
Sequence ID No.l9: Human APP695-VF-KK, nucleotide sequmce 
i 0 Sequence ID No.20: Human APP695-VF-KK, predicted amino add sequence 

Sequence ID No.21 : T7-Human-pro-Asp-2(a)ATM, nucleotide sequence 
Sequence ID No.22: T7-Human-pro-Asp-2(a)ATM, amino acid sequence 
Sequence ID No.23: T7-Caspase-Human-pro-Asp-2(a)ATM, nucleotide 

sequence 

15 Sequence ID No.24: T7-Caspase-Human"pro-Asp-2(a)ATM, amino acid 

sequence 

Sequence ID No.25: Human-pro-Asp-2(a)ATM (low GC), nucleotide 
sequence 

Sequwice ID No.26: Human-pTo.Asp-2(a)ATM, (low GC), amino acid 

20 sequence 

Sequence ID No.27: T7-Caspase-Caspase 8 
cIeavage-Human-pro-Asp-2(a)ATM, nucleotide sequence 

Sequence ID No.28 : T7-Caspase-Caspase 8 
cleavage-Human-pro-Asp-2(a)ATM, amino acid sequence 

25 Sequence ID No.29: Human Asp-2(a)ATM, nucleotide sequence 

Sequence ID No.30: Human Asp-2(a)ATM, amino acid sequence 
Sequence ID No.3 1 : Human Asp-2(a)ATM(His)e » nucleotide sequence 
Sequence ID No. 32: Human Asp-2(a)ATM(His)6, amino acid sequence 
Sequence ID Nos. 33-49 are short synthetic pq>tide and oligonucleotide 

30 sequences that are described below in the Detailed Description of the Invention. 
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Figures: Figure3showsthenucIeotide(SEQIDNO:5)andpredicted amino 
acid sequence (SEQ ID NO:6) of human Asp2(b). The predicted transmembrane domain 
of Hu-Asp2(b) is enclosed in brackets. 

Figure 4: Figure 4 shows the nucleotide (SEQ ID No. 7) and predicted amino 
5 acid sequence (SEQ ID No. 8) of murine Asp2(a) 

Figure 5: Figure 5 shows the BestFit ahgnment of the predicted amino acid 
sequences of Hu-Asp2(a) (SEQ ID NO: 4) and murine Asp2(a) (SEQ ID NO: 8). 

Figure 6: Figure 6 shows the nucleotide (SEQ ID No. 21) and predicted 
amino acid sequence (SEQ ID No. 22) of T7-Human-pro-Asp-2(a)ATM 
10 Figure 7: Figure 7 shows the nucleotide (SEQ ID No. 23) and predicted 

amino acid sequence (SEQ ID No. 24) of T7-caspase-Hmnan-pro-Asp-2(a)ATM 

Figure 8: Figure 8 shows the nucleotide (SEQ ID No. 25) and predicted 
amino acid sequence (SEQ ID No. 26) of Human-pro-Asp-2(a)ATM (low GC) 

Figure 9: Western blot showing reduction of CTF99 production by 
1 5 HEKl 25.3 ceUs transfected with antisense oligomers targeting the Hu-Asp2 mRNA. 

Figure 10: Western blot showing increase in CTF99 production in mouse 
Neuro-2a cells cotransfected with APP-KK with and without Hu-Asp2 only in those cells 
cotransfected with Hu-Asp2. A further increase in CTF99 production is seen in cells 
cotransfected with APP-Sw-KK widi and without Hu-Asp2 only in those cells 
20 cotransfected with Hu-Asp2 

Figure 1 1 : Figure 1 1 shows the predicted amino acid sequence (SEQ ID No. 
30) of Hmnan-Asp2(a)ATM 

Figure 12: Figure 1 1 shows the predicted amino acid sequence (SEQ ID No. 
30) of Hmnan-Asp2(a)ATM(His)5 

25 

DETAILED DESCRIPTION OF THE INVENTION 

A few definitions used in this invention follow, most definitions to be used are 
those that would be used by one ordinarily skilled in the art. 

The temi "P amyloid peptide" means any peptide resulting from beta secretase 
30 cleavage of APP. This includes peptides of 39, 40, 41, 42 and 43 amino acids, extending 
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Alanine, Ala, A; Arginine^ Arg, R; Asparagine, Asn, N; Aqjartic acid. Asp, 
D; Cysteine, Cys, C; Glutamine, Gbi, Q; Glutamic Acid, Ghi, E; Glycine, Gly, G; 
Histidine, His, H; Isoleucine, He, I; Leucine, Leu, L; Lysine, Lys, K; Methionine, 
Met,M; Phen)^alamne, Phe, F; Proline, Pro, P; Serine, Ser,S; Thieonine, Thr, T; 
5 Tryptophan, Tip, W; Tyrosine, Tyr, Y; Valine, Val, V; Aspartic acid or Asparagine, 
AsXjB; Ghitamic acid or Glutamine, Glx,Z; Any amino acid, Xaa, X. 

The present invwition describes a metfiod to scan gene databases for the 
simple active site motif characteristic of aspartyl proteases. Eukaryotic aspartyl 
proteases such as pepsin and renin possess a two-domain structure which folds to 

1 0 bring two aspartyl residues into proximity within the active site. These are embedded 
in the short tripeptide motif DTG, or more rarely, DSG. Most aspartyl proteases occur 
as proenzyme whose N-tenninus must be cleaved for activation. The DTG or DSG 
active site motif appears at about residue 65-70 in the proenzyme (prorenin, 
pepsinogen), but at about residue 25-30 in the active enzyme after cleavage of the 

1 5 N-tenninal prodomain. ITie hmited length of the active site motif makes it difficult to 
search collections of short, expressed sequence tags (EST) for novel aspartyl 
proteases. EST sequences typically average 250 nucleotides or less, and so would 
encode 80-90 amino acid residues or less. That would be too short a sequence to span 
the two active site motifs. The preferred method is to scan databases of hypothetical 

20 or assembled protein coding sequences. The present invention describes a computer 
method to identify candidate aspartjl proteases in protein sequence databases. The 
method was used to identify seven candidate aspartyl protease sequences in the 
Caenorhabditis elegans genome. These sequences were then used to identify by 
homology search Hu-Aspl and two alternative splice variants of Hu-Asp2, designated 

25 herein as Hu-Asp2(a) and Hu-Asp2(b). 

In a major aspect of the invraition disclosed here we provide new information 
about APP processing. Pathogeneic processing oftfae amyloid precursor protein 
(APP) via the Ap pathway requires the sequential action of two proteases referred to 
as p-secretase and y-secretase. Cleavage of APP by the P-secretase and y-secretase 

30 generates the N-tenninus and C-terminus of the Ap p^tide, respectively. Because 
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The present invention involves the molecular deftaition of several novel 
human aspartyl proteases and one of these, referred to as Hu-Asp-2(a) and 
Hu-Asp2(b), has been characterized in detail. Previous forms of asp 1 and asp 2 have 
been disclosed, see EP 0848062 A2 and EP 0855444A2, inventors David Powel et al., 
5 assigned to Smith Kline Beecham Corp. (incoiporated by reference). Herein are 
disclosed old and new forms of Hu-Asp 2. For the first time they are expressed in 
active form, tiieir substrates are disclosed, and their specificity is disclosed. Prior to 
this disclosure cell or cell extracts were required to cleave the P-secretase site, now 
purified protein can be used in assays, also described here. Based on the results of (1) 

1 0 antisense knock out experiments, (2) transiait transfection knock in experiments, and 
(3) biochemical experiments using purified recombinant Hu-A^-2, we demonstrate 
that Hu-Asp-2 is the p-secretase involved in flie processing of APP. Although the 
nucleotide and predicted amino acid sequence of Hu-Asp-2(a) has been reported, see 
above, see EP 0848062 A2 and EP 0855444A2, no functional characterization of the 

15 enzyme was disclosed. Here the authors characterize the Hu-Asp-2 enzyme and are 
able to explain why it is a critical and essential enzyme required in the formation of 
APi^ peptide and possible a critical step in the development of AD. 

In another embodiment the present invention also describes a novel splice 
variant of Hu-Asp2, referred to as Hu-Asp-2(b), that has never before been disclosed. 

20 In another embodiment, the invention provides isolated nucleic acid molecules 

comprising a polynucleotide encoding a polypeptide selected fi^om the group 
consisting of human aspartyl protease 1 (Hu-Aspl) and two alternative spHce variants 
of human aspartyl protease-2 (Hu-Asp2), designated herein as Hu-Asp2(a) and 
Hu-Asp2(b). As used ha^, all references to "Hu-Asp2" should be understood to 

25 refer to both Hu-Aq32(a) and Hu-Asp2{b). Hu-Aspl is expressed most abundantly in 
pancreas and prostate tissues, while Hu-Asp2(a) and Hu-Asp2(b) are expressed most 
abundantiy in pancreas and brain tissues. The invention also provides isolated 
Hu-Aspl, Hu-Asp2(a), and Hu-Asp2(b) polypeptides, as well as Segments thereof 
which exhibit aspartyl protease activity. 
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Hu-Asp DNA may be obtained by screening a genomic library with the Hu-Asp2 
cDNA described herein, using methods that are well known in the art, or Avith 
oligonucleotides chosen fix)m the Hu-Asp2 sequence that will prime the polymerase 
chain reaction (PGR). RNA transcribed from Hu-Asp DNA is also encompassed by 
5 the present invention. 

Due to the degeneracy of the genetic code, two DNA sequences may differ and 
yet encode identical amino acid sequences. The present invention thus provides 
isolated nucleic acid molecules having a polynucleotide sequence encoding any of the 
Hu-Asp polypeptides of the invention, wherein said polynucleotide sequence encodes 

1 0 a Hu-Asp polypeptide having the complete amino acid sequence of SEQ ID NOr2, 
SEQ ID NO:4, SEQ ID NO:6, or fragments thereof. 

Also provided herein are purified Hu-Asp polypeptides, both recombinant and 
non-recombinant. Most importantly, methods to p^od^lce Hu-Asp2 polypq)tides in 
active form are provided. These include production of Hu-Aq)2 polypeptides and 

1 5 variants thereof in bacterial cells, insect cells, and manmialian cells, also in forms that 
allow secretion of the Hu-Asp2 polypeptide from bacterial, insect or mammalian cells 
into the culture medium, also methods to produce variants of Hu-Asp2 polypeptide 
mcorporating amino acid tags tiiat facilitate subsequent purification. In a preferred 
embodiment of the invention the Hu-Asp2 polypeptide is converted to a 

20 proteolytically active form either in transformed cells or after purification and 

cleavage by a second protease in a cell-free system, such active forms of the Hu-Asp2 
polypq)tide beginning with the N-teraninal sequence TQHGIR (SEQ ID NO: 69) or 
ETDEEP (SEQ ID NO: 70). The sequence TQHGIR (SEQ ID NO: 69) represents the 
amino-teiminus of Asp2(a) or Asp2(b) begfaming with residue 22 of SEQ ID NO: 4 or 

25 6, after cleavage of a putative 21 residue signal peptide. Recombinant Asp2(a) 

expressed in and purified from insect cells was observed to have this amino terminus, 
presumably as a result of cleavage by a signal pq)tidase. The sequence ETDEEP 
(SEQ ID NO: 70) represents the amiiKvterminus of Asp2(a) or Asp2(b) beginning 
with residue 46 of SEQ ID NO: 4 or 6, as observed when Asp2(a) has been 

30 recombinantly produced in CHO cells (presumably after cleavage by both a rodent 
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a purified polypqptide as described in the preceding paragraph that 
further lacks cytoplasmic domain amino acids 478 to 501 of SEQ ID NO: 4; 

a purified polypq)tide as described in either of the preceding 
paragraphs that further lacks amino acids 420-454 of SEQ ID NO: 4, which 
5 constitute a putative alpha helical re^on between the catalytic domain and the 

transm^brane domain that is believed to be unnecessary for p-secretase 
activity; 

a purified polypq)tide that comprises an amino acid sequence that 
includes amino acids 58 to 419 of SEQ ID NO: 4, and that lacks amino acids 
10 22to57ofSEQIDNO:4; 

a purified polypeptide that comprises an amino acid sequence that 
includes amino acids 46 to 419 of SEQ ID NO: 4, and that lacks amino acids 
22 to 45 of SEQ ID NO: 4; 

a purified polypeptide that comprises an amino acid sequence that 
1 5 includes amino acids 22 to 454 of SEQ ID NO: 4, 

a purified polypeptide that comprises a firagment of Asp2(b) having the 
amino acid sequence set forth in SEQ ID NO: 6, and wherein said polypeptide 
lacks transmembrane domain amino acids 430 to 452 of SEQ ID NO: 6; 

a purified polypeptide as described in the preceding paragr^h that 
20 further lacks cytoplasmic domain amino acids 453 to 476 of SEQ ID NO: 6; 

a purified polypeptide as described in either of the preceding two 
paragraphs that furth^ lacks amino acids 395-429 of SEQ ID NO: 4, which 
constitute a putative alpha hehcal region between the catalytic domain and the 
transmembrane domain that is believed to be uimecessary for P-secretase 
25 activity; 

a purified polypeptide comprising an amino acid sequence that 
includes amino acids 58 to 394 of SEQ ID NO: 4, and that ladcs amino acids 
22 to 57 of SEQ ID NO: 4; 
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1985, pp. 12- 1 9); Smith et ai [Genetic Engineering: Principles and Methods^ 
Plenum Press (1981)); and U.S. Patent Nos. 4,518,584 and 4,737,462. 

Hu-Asp variants within the scope of the invention may comprise 
conservatively substituted sequKices, meaning that one or more amino acid residues 
5 of a Hu-Asp po]ypq>tide are rq)Iaced by different residues that do not alter the 

secondary and/or tertiary structure of the Hu-Asp polypeptide. Such substitutions may 
include the replacement of an amino acid by a residue having similar physicochemical 
properties, such as substituting one aliphatic residue (lie, Val, Leu or Ala) for another, 
or substitution between basic residues Lys and Arg, acidic residues Glu and Asp, 

1 0 amide residues Gin and Asn, hydroxyl residues Ser and Tyr, or aromatic residues Phe 
and Tyr. Further information regarding making phenotypically silent amino acid 
exchanges may be found in Bowie &iewce 2^/7:1306-1310 (1990). Other 
Hu-Asp variants which might retain substantially the biological activities of Hu-Asp 
are those where amino add substitutions have been made in areas outside fimctional 

1 5 regions of the protein. 

Li another aspect, the hxvention provides an isolated nucleic acid molecule 
comprising a polynucleotide which hybridizes under stringent conditions to a portion 
of the nucleic acid molecules described above, e.^., to at least about 15 nucleotides, 
preferably to at least about 20 nucleotides, more preferably to at least about 30 

20 nucleotides, and still more preferably to at least about from 30 to at least about 100 
nucleotides, of one of the previously described nucleic acid molecules. Such portions 
of nucleic acid molecules having the described lengths refer to, e,g, at least about 15 
contiguous nucleotides of the reference nucleic acid molecule. By stringent 
hybridization conditions is intended overnight incubation at about 42°C for about 2.5 

25 hours in 6 X SSC/0.1 % SDS, followed by washing of the filters four times for 1 5 
minutes in 1 .0 X SSC at 65°C, 0.1% SDS. 

Fragments of the Hu-Asp encoding nucleic acid molecules described herein, as 
well as polynucleotides capable of hybridizing to such nucleic acid molecules maybe 
used as a probe or as primers in a polymerase chain reaction (PCR). Such probes may 

30 be used, e.g,, to detect the presence of Hu-Asp nucleic acids in in vitro assays, as well 
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polyclonal or monoclonal antibodies including but not limited to the T7 epitope, the 
rayc epitope, and the V5a epitope, and fusion of Hu-Asp2 to suitable protein partners 
including but not limited to glutathione-S-transferase or maltose binding protein. In a 
preferred embodiment these additional anuno acid sequences are added to the 
5 C-terminus of Hu-Asp but may be added to the N-terminus or at intervening positions 
within the Hu-Asp2 polypeptide. 

The present invention also relates to vectors comprising tfie polynucleotide 
molecules of the invention, as well as host cell transformed with such vectors. Any of 
the polynucl eotide molecules of the invention may be joined to a vector, which 

1 0 generally includes a selectable marker and an origin of replication, for propagation in 
a host. Because the invention also provides Hu-Asp polypeptides expressed fiom the 
polynucleotide molecules described above, vectors for the expression of Hu-Asp are 
preferred. The vectors include DNA encoding any of the Hu-Asp polypeptide 
described above or below, operably linked to suitable transcriptional or translational 

1 5 regulatory sequences, such as those derived from a mammalian, microbial, viral, or 
insect gene. Examples of regulatory sequences include transcriptional promoters, 
operators, or enhancers, mRNA ribosomal binding sites, and apprc^riate sequences 
which control transcription and translation. Nucleotide sequences are operably linked 
when the regulatory sequence functionally relates to the DNA CTicoding Hu-Asp. 

20 Thus, a promoter nucleotide sequence is operably linked to a Hu-Asp DNA sequence 
if the promoter nucleotide sequence directs the transcription of the Hu-Asp sequence. 

Selection of suitable vectors to be used for the cloning of polynucleotide 
molecules encoding Hu-Asp, or for the expression of Hu-Asp polypeptides, will of 
course depend upon the host cell m which the vector wiU be transformed, and, where 

25 ^plicable, the host cell from which the Hu-Asp polypeptide is to be expressed. 

Suitable host cells for expression of Hu-Asp polyjjeptides include prokaryotes, yeast, 
and higher eukaryotic cells, each of which is discussed below. 

The Hu-Asp polypeptides to be expressed in such host cells may also be fusion 
proteins which include regions from heterologous proteins. Such regions may be 

30 included to allow, e.g,y secretion, improved stability, or facilitated purification of the 
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leader sequence, as well as others leaders including tags for purification such as the 
6-His tag (Example 9). Hu-Asp polypeptides expressed in E. coli may be shortened 
by removal of the cytoplasmic tail, the transmembrane domain, or the membrane 
proximal region. Hu-Asp polypeptides expressed in E. coli may be obtained in either 
5 a soluble form or as an insoluble form which may or may not be present as an 

inclusion body. The insoluble polypeptide may be rendered soluble by guanidine 
HCl, urea or other protein denaturants, then refolded into a soluble form before or 
after purification by dilution or dialysis into a suitable aqueous buffer. If the inactive 
proform of the Hu-Asp was produced using recombinant methods, it may be rend^ed 

10 active by cleaving off the prosegraent with a second suitable protease such as human 
immunodeficiency virus protease. 

Expression vectors for use in prokaryotic hosts generally comprises one or 
more phenotypic selectable marker genes. Such genes graerally encode, e.g., a 
protein that confers antibiotic resistance or that supplies an auxotrophic requirement 

IS A wide variety of sudi vectors are readily available fix)m commercial sources. 

Examples include pSPORT vectors, pGEM vectors (Proraega), pPROEX vectors 
(LTI, Bethesda, MD), Bluescript vectors (Stratagene), pET vectors (Novagen) and 
pQE vectors (Qiagen). 

Hu-Asp may also be expressed in yeast host cells &om genera including 

20 Saccharomyces, Pickia, and Kluveromyces. Preferred yeast hosts are S. cerevisiae 
and P, pastoris. Yeast vectors will oftep contain an origin of replication sequence 
fi^om a 2T yeast plasmid, an autonomously replicating sequence (ARS), a promoter 
region, sequences for polyadenylation, sequences for transcription termination, and a 
selectable marker gene. Vectors replicable in both yeast and E, coli (termed shuttle 

25 vectors) may also be used. In addition to the above-mentioned features of yeast 

vectors, a shuttle vector will also include sequences for replication and selection in £1 
colL Direct secretion of Hu-Asp polypeptides expressed in yeast hosts may be 
accomplished by the inclusion of nucleotide sequence encoding the yeast I-factor 
leader sequence at the 5' end of the Hu-A^-encoding nucleotide sequence. 
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Monoclonal Antibodies, Hybridomas: A New Dimension in Biological Analyses, 
Kennet et al (eds.). Plenum Press, New York (1980). Synthetic peptides comprising 
portions of Hu-Asp containing 5 to 20 amino acids may also be used for the 
production of polyclonal or monoclonal antibodies after linkage to a suitable carrier 
5 protein including but not limited to keyhole limpet hemacyanin (KLH), chicken 

ovalbumin, or bovine serum albumin using various cross-linking reagents including 
carbodimides, glutaraldehyde, or if the peptide contains a cysteine, 
N-methyhnaleimide. A preferred pq)tide for immunization when conjugated to KLH 
contains the C-terminus of Hu-Aspl orHu-Asp2 comprising 
10 QRRPRDPEWNDESSLVRHRWK (SEQ ID NO: 2, residues 497-518) or 

LRQQHDDFADDISLLK (SEQ ID N0:4, residues 486-501), respectively. See SEQ 
IDNos. 33-34. 

The Hu-Asp nucleic acid molecules of the present invention are also valuable 
for chromosome identification, as they can hybridize with a specific location on a 

1 5 human chromosome, Hu-Aspl has been localized to chromosome 2 1 , while 

Hu-Asp2 has been localized to chromosome 11 q23 .3-24.1. There is a current need for 
identifying particular sites on the chromosome, as few chromosome marking reagents 
based on actual sequence data (repeat polymorphisms) are presently available for 
marking chromosomal location. Once a sequence has been mapped to a precise 

20 chromosomal location, the physical position of the sequence on the chromosome can 
be correlated with genetic map data. The relationship between genes and diseases that 
have been mapped to the same chromosomal region can then be identified through 
linkage analysis, wherein the coinheritance of physically adjacent genes is detamuned. 
Whether a gene appearing to be related to a particular disease is in fact the cause of 

25 the disease can then be determined by comparing the nucleic acid sequence between 
affected and unaffected individuals. 

In another embodiment, the invention relates to a method of assaying Hu-Asp 
function, specifically Hu-Asp2 fimction which involves incubating in solution the 
Hu-Asp polypq)tide with a suitable substrate including but not limited to a synthetic 

30 peptide containing the p-secretase cleavage site of APP, preferably one containing the 
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whereby a higher level of activity in the presence of said test agent than in the absence 
of said test agent indicates that said test agent has increased the activity of said 
Hu-Asp polypeptide. Such tests can be performed with Hu-Asp polypeptide in a cell 
free system and with cultured cells that express Hu-Asp as well as variants or 
5 isoforms thereof. 

In another embodiment, the invention relates to a method for the idaitification 
of an agent that decreases the activity of a Hu-Asp polypeptide selected from the 
group consisting of Hu-Asp 1, Hu-Asp2(a), and Hu-Asp2(b), the method comprising 

(a) determining the activity of said Hu-Asp polypeptide in the presence of 
10 a test agent and in the absence of a test agent; and 

(b) comparing the activity of said Hu-Asp polypeptide determined in the 
presence of said test agent to the activity of said Hu-Asp polypeptide determined in 
the absence of said test agent; 

whereby a lower level of activity in the presence of said test agent than in the abs^ce 
15 of said test agent indicates that said test agent has decreased the activity of said 

Hu-Asp polypeptide. Such tests can be performed with Hu-Asp polypeptide in a cell 
free system and with cultured cells that express Hu-Asp as well as variants or 
isoforms thereof. 

Li another embodiment, the invention relates to a novel cell line (HEK1253 
20 cells) for measuring processing of amyloid p peptide (AP) &om the amyloid protein 
precursor (APP). The cells are stable transformants of human embryonic kidney 293 
cells (HEK293) with a bicistronic vector derived 6om pIRES-EGFP (Clontech) 
containing a modified human APP cDNA, an mtemal ribosome entry site and an 
enhanced green fluorescent protein (EGFP) cDNA in the second cistron. The APP 
25 cDNA was modified by adding two lysine codons to the carboxyl terminus of the 

APP coding sequence. This inareases processing of Ap peptide from human APP by 
2-4 fold. This level of Ap peptide processing is 60 fold higher than is seen in 
nontransformed HEK293 cells. HEK125.3 cells will be useful for assays of 
compounds that inhibit Ap peptide processing. This invention also includes addition 
30 of two lysine residues to the C-terminus of other APP isoforms including the 75 1 and 
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In the case of the retroviral aizymes such as the HIV protease, they represent 
only a half of the two-domain structures of well-known enzymes like pepsin, 
cathepsin D, renin, etc. They have no prosegment, but are carved out of a polyprotein 
precursor containing the gag and pol proteins of the virus. They can be rq>resented 
5 by: 

^EPTg ClOO 

This "monomer" only has about 100 aa, so is extremely parsimonious as compared to 
the other aspartyl protease "dimers" which have of the order of 330 or so aa, not 
- counting the N-termioal prodomain. 

10 The limited length of the eukaiyotic aspartyl protease active site motif makes 

it difficult to search EST collections for novel sequences. EST sequences typically 
average 250 nucleotides, and so in this case woxild be unlikely to span both aspartyl 
protease active site motifs. Instead, we turned to the C. elegans genome. The C 
elegans genome is estimated to contain around 13,000 genes. Of these, roughly 

15 1 2,000 have been sequenced and the corresponding hypothetical open reading &ame 
(ORF) has been placed in the database Woimpep 1 2. We used this database as the 
basis for a whole genome scan of a higher eukaryote for novel aspartyl proteases, 
using an algorithm that we developed specifically for this purpose. The following 
AWK script for locating proteins containing two DTG or DSG motifs was used for 

20 the search, which was rq^eated four times to recover all pairwise combinations of the 
aspartyl motif. 

BEGIN {RS='*>"} /* defines as record separator for FASTA fomat V 

{ 

pos = index($0,"DTG*') /*finds *T)TG" in record*/ 
25 if (pos>0) { 

rest = substr($0,pos+3) /*get rest of record after first DTG*/ 

pos2 = index(rest,'T:>TG") /*find second DTG*/ 

if (pos2>0)printf ("%s%s\n",'V\$0)} /*report hits*/ 

} 

30 } 

The AWK script shown above was used to search Wonnpepl2, which was 
downloaded fi-om flp.sanger.ac.uk/pub/databases/wonnpep, for sequence entries 
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Wonnpepl2 &iled to reveal additional candidate a^artyl proteases in the C elegans 
genome containing two rq)eats of the DTG or DSG motif. 

BLASTX search with each C. elegans sequence against SWISS-PROT, 
GenPep and TREMBL revealed that R12H7.2 was the closest worm homologue to the 
5 knoAvn mammaUan aspartyl proteases, and that Tl 8H92 was some^at more 

distantly related, while CEASPl, F21F8.3, F21F8.4, and F21F8.7 formed a subcluster 
which had the least sequence homology to the mammalian sequ^ces. 
Discussion: 

APP, the presQoilins, and p35, the activator of cdk5, all undergo intracellular 
10 proteolytic processing at sites which confcHm to the substrate specificity of the HTV 
protease, Dysregulation of a cellular aspartyl protease with the same substrate 
specificity, might therefore provide a unilying mechanism for causation of the plaque 
and tangle pathologies in AD. Therefore, we sought to identify novel human aspartyl 
proteases. A whole genome scan in C elegans identified seven open reading fi-ames 
1 5 that adhere to the aspartyl protease profile that we had identified. These seven 

aspartyl proteases probably comprise the complete complement of such proteases in a 
simple, multiceDuIar eukaryote. Tliese include four closely related aspartyl proteases 
unique to C elegans which probably arose by duplication of an ancestral gene. The 
other three candidate aspartyl proteases (T18H9J2, R12H7.2 and CI m2.2) were 
20 found to have homology to mammalian gene sequences. 

Example 2 

Identification of Novel Human Aspartyl 
Proteases Using Database Mining by Genome Bridging 

25 

Materials and Methods: 

Computer-assisted analysis of EST databases, cDNA , and predicted polypeptide 
sequences: 

Exhaustive homology searches of EST databases with the CEASPl, F21F8.3, 
30 F21F8.4, and F21F8.7 sequences failed to reveal any novel mammalian homologues. 
TBLASTN searches with RI2H7.2 showed homology to cathq)sin D, cathepsin E, 
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Full-length cDNA cloning of Hu-Aspl 

The open reading frame of C elegans ^e T18H9.2CE was used to queiy 
Incyte LifeSeq and lifeSeq-FL databases and a single electronic assembly referred to 
as 1863920CE1 was detected. The 5' most cDNA clone in fliis contig, 1863920, was 
5 obtained from Incyte and completely sequenced on both strands. Translation of the 
open reading frame contained within clone 1863920 revealed the presence of the 
duplicated aspartjd protease active site motif (DTG/DSG) but the 5' end was 
incomplete. Theremainderof the Hu-Aspl coding sequ^ce was determined by 5' 
Marathon RACE analysis using a human placenta Marathon ready cDNA template 

1 0 (Clontech). A 3'-antisense oligonucleotide piimo- specific for the 5* end of clone 
1 863920 was paired with the 5*-sense primer specific for the Marathon ready cDNA 
synthetic adaptor in the PGR. Specific PC31 products were directly sequenced by 
cycle sequencing and the resulting sequmce assembled with the sequence of clone 
1 863920 to yield the complete coding sequence of Hn-Asp-1 (SEQ ID No. 1). 

1 5 Several interesting features are present in the primary amino acid sequence of 

Hu-Aspl (Figure 1, SEQ ID No. 2). The sequence contains a signal peptide (residues 
1-20 in SEQ ID No. 2), a pro-segment, and a catalytic domain containing two copies 
of the aspartyl protease active site motif (DTG/DSG). The spacing between the first 
and second active site motifs is about 200 residues which should conrespond to the 

20 expected size of a single, eukaryod'c aspartyl protease domain. More interestingly, the 
sequence contains a predicted transmembrane domain (residues 469-492 in SEQ ID 
No^) near its C-teiminus which suggests that the protease is anchored in the 
membrane. This feature is not found in any other aspartyl protease. 

25 Cloning of a Jull-length Hu-Asp-2 cDNAs: 

As is described above in Example 1, genome wide scan of the Caenorhabditis 
elegans database WonnPq>12 for putative aspartyl proteases and subsequent mining 
of human EST databases revealed a human ortholog to the C elegans gene Tl 8H9.2 
referred to as Hu-Aspl . The assembled contig for Hu-Aspl was used to query for 

30 human paralogs using the BLAST search tool in human EST databases and a single 
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Both sequences contain a signal peptide (residues 1-21 in SEQ ID No. 4 and SEQ ID 
No. 6), a pro-segment, and a catalytic domain containing two copies of the aspartyl 
protease active site motif (DTG/DSG). The spacing between the first and second 
active site motifs is variable due to the 25 amino acid residue deletion in Hu-Asp-2(b) 
5 and consists of 1 68-versus-l 94 amino add residues, for Hu-Asp2(b) and Hu-Asp-2(a), 
respectively. More interestingly, both sequences contains a predicted transmembrane 
domain (residues 455-477 in SEQ ID No.4 and 430-452 in SEQ ID No. 6) near their 
C-tennini which indicates that the protease is anchored in the membrane. Hds feature 
is not found in any other aspartyl protease except Hu-Aspl. 

10 

£jcamp]e3 

Molecular cloning of mouse Asp2 cDNA and genomic DNA. 

Cloning and characterization of murine Asp2 cDNA, 

The murine ortholog of Hu-Asp2 was cloned using a combination of cDNA 

1 5 library screening, PGR, and genomic cloning. Approximately 500,000 independent 
clones from a mouse brain cDNA library were screened using a ^^P-Iabeled coding 
sequence probe prepared from Hu-Asp2. Rephcate positives were subjected to DNA 
sequence analysis and the longest cDNA contained the entire 3* untranslated region 
and 47 amino acids in the coding region. PGR amplification of the same mouse brain 

20 cDNA library with an antisense oUgonucleotide primer specific for the 5 '-most cDNA 
sequence determined above and a sense primer specific for the 5' region of human 
Asp2 sequence followed by DNA sequence analysis gave an additional 980 bp of the 
coding sequence. The remainder of the 5* sequence of murine Asp-2 was derived from 
genomic sequence (see below). 

25 

Isolation and sequence analysis of the murine Asp-2 gene, 

A murine EST sequence encoding a portion of the murine Asp2 cDNA was 
ideatified in the GenBank EST database using the BLAST search tool and the 
Hu-Asp2 coding sequence as the query. Clone g3 1 60898 displayed 88% shared 
30 identity to the human sequence over 352 bp. Oligonucleotide primer pairs specific for 
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with 2x10* dpm/ml probe in ExpressHyb buffer (Clontech, Palo Alto, CA) for 1 hour 
at 68 °C and washed as recommended by the manufacture. Hybridization signals were 
visualized by autoradiography using BioMax XR fibn (Kodak, Rochester, NY) with 
intensifying screens at -80 °C. 

Results and Discussion: 

Limited infonnation on the tissue distribution of expression of Hu-Aspr2 
transcripts was obtained from database analysis due to the relatively small number of 
ESTs detected using the methods described above (< 5). In an effort to gain further 
infonnation on the expression of the Hu-Asp2 gene. Northern analysis was employed 
to detennine both the si2e(s) and abundance of Hu-Asp2 transcripts. PolyA^ RNAs 
isolated from a series of peripheral tissues and brain regions were displayed on a solid 
support foUowing separation under denaturing conditions and Hu-Asp2 transcripts 
were visualized by high stringency hybridization to radiolabeled insert from clone 
2696295. The 2696295 cDNA probe visualized a constellation of transcripts that 
migrated with apparent sizes of 3.0kb, 4.4 kband 8.0 kb with the latter two transcript 
being the most abundant. 

Across the tissues surveyed, Hu-Asp2 transcripts were most abundant in 
pancreas and brain with lower but detectable levels observed in all othea- tissues 
examined except thymus and PBLs. Given the relative abundance of Hu-Asp2 
transcripts in brain, the regional expression in brain regions was also established. A 
similar constellation of transcript sizes w^ detected in all brain regions examined 
[cerebellum, cerebral cortex, occipital pole, frontal lobe, temporal lobe and putamen] 
with the highest abundance in the medulla and spinal cord. 

Example 5 

Northern Blot Detection of HuAsp-l and 
HuAsp-2 Transcripts in Human Cell Lines 

A variety of human cell lines were tested for their ability to produce Hu-Aspl 

and Asp2 mRNA. Human embiyom'c kidn^(HEK-293) cells, African green monkey 

(Cos-7) cells, Chinese hamster ovary (CHO) cells, HELA cells, and the 
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to create a transforaied cell line that releases Ap pq)tide into the culture medium at 
the remaiicable level of 20,000 pg/ml. 
Materials And Methods 

Materials: 

5 Human embryonic kidney cell line 293 (HEK293 cells) wctc obtained 

internally. The vector pIRES-EGFP was purchased from Clontech. Oligonucleotides 
for mutation using the polymerase chain reaction (PCR) were purchased frc«n 
Genosys. A plasmid containing human APP695 (SEQ ID No. 9 [nucleotide] and SEQ 
ID No. 1 0 [amino acid]) was obtained from NorthwestOTi University Medical School. 
1 0 This was subcloned into pSK (Stratagene) at the Not 1 site creating the plasmid 
PAPP695. 

Mutagenesis protocol: 

The Swedish mutation (K670N, M671L) was introduced into pAPP695 using 
the Stratagene Quick Change Mutagenesis Kit to create the plasmid pAPP695NL 
15 (SEQ ID No. 1 1 [nucleotide] and SEQ ID No. 12 [amino acid]). To introduce a 
di-lysine motif at the C-terminus of APP695, the forward primer #276 5* 
GACTGACCACTCGACCAGGTTC (SEQ ID No. 47) was used with the "patch" 
primer #274 5' 

CGAATTAAATTCCAGCACACTGGCrACTTCTTGTTCTGCATCTCi^^ 

20 (SEQ ID No. 48) and the flanking primer #275 

CGAATTAAATTCCAGCACACTGGCTA (SEQ ID No. 49) to modify the 3' end of 
the APP695 cDNA (SEQ ID No. 15 [nucleotide] and SEQ ID No. 16 [amino acid]). 
This also added a BstXl restriction site that will be compatible with the BstXl site in 
the multiple cloning site of pIRES-EGFP. PCR amplification was performed with a 

25 Clontech HF Advantage cDNA PCR kit using the polymerase mix and buffers 

supplied by the manufacturer. For "patch" PCR, the patch primer was used at l/20th 
the molar concentration of the flanking primers. PCR amplification products were 
purified using a QIAquick PCR purification kit (<^agen). After digestion with 
restriction enzymes, products were separated on 0.8% agarose gels and tiien excised 

30 DNA firagments were purified using a QIAquick gel extraction kit (Qiagen). 
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every four days into fresh medium. No loss of Ap production of EGFP fluorescence 
has been seen over 23 passages. 

A^EIA Analysis (Double Antibody Sandwich EUSA for hAfi 1-40/42): 

Cell culture supematants harvested 48 hours after transfection were analyzed 
5 in a standard Ap EIA as followfs. Human Ap 1 -40 or 1-42 was measured using 

monoclonal antibody (mAb) 6E10 (Senetek, St. Louis, MO) and biotinylated rabbit 
antiserum 162 or 164 (New York State Institute for Basic Research, State© Island, 
NY) in a double antibody sandwich ELISA. The capture antibody 6E1 0 is specific to 
an epitope present on the N-tenninal amino acid residues 1-16 of hAp. The 

10 conjugated detecting antibodies 162 and 164 are specific for hAP 1-40 and 1-42, 
respectively. Briefly, a Nunc Maxisorp 96 well immunoplate was coated with 100 
Ill/well of mAb 6E10 (5^tg/^ll) diluted in O.IM carbonate-bicarbonate buffer, pH 9.6 
and incubated at 4*X: overnight. After washing the plate 3x with O.OIM DPBS 
(Modified Dulbecco's Phosphate Buffered Saline (0.008M sodium phosphate, 0.002M 

15 potassium phosphate, 0.14M sodium chloride, 0.01 M potassium chloride, pH 7.4) 
fiom Pierce, Rockford, 11) containing 0:05% of Tween-20 pPBST), the plate was 
blocked for 60 minutes with 200 jtl of 10% normal sheep serum (Sigma) in O.OIM 
DPBS to avoid non-specific binding. Human Ap 1-40 or 1-42 standards 100 jil/well 
(Bachem, Torrance, CA) diluted, from a Img/ml stock solution in DMSO, in culture 

. 20 medium was added after washing the plate, as well as 1 00 |il/well of sample, a g. , 
conditioned medium of transfected cells. 

The plate was incubated for 2 hours at room temperature and 4"C ovemi^t 
The next day, after washing the plate, 100 piywell biotinylated rabbit antiserum 1 62 
1 :400 or 164 1 :50 diluted in DPBST + 0.5% BSA was added and incubated at room 

25 temperature for Ihour, 15 niinutes. Following washes, 100 pl/well 

neutravidin-horseradish peroxidase (Pierce, Rockford, fl) diluted 1 :10,000 in DPBST 
was applied and incubated for 1 hour at room temperature. After the last washes 100 
^il/well of o-phenylnediamine dihydrochloride (Sigma Chemicals, St. Louis, MO) in 
50mM citric acid/1 OOmM sodium phosphate buffer (Sigma Chemicals, St. Louis, 

30 MO),pH5.0, was added as substrate and the color development was monitored at 
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TABLE 1 

Release of AP peptide into the culture medium 48 hours after transient 
5 transfection of HEK293 cells with the indicated vectors containing wildtype or 

modified APP. Values tabulated are mean + SD and P-value for pairwise comparison 
using Student's t-test assuming unequal variances. 


APP Constract 

AP l-40p^tide 
(pg^il) 

Fold Increase 

P-value 

pIRES-EGEP vector 

147 + 28 

1.0 


wtAPP695 (142.3) 

194 + 15 

1.3 

0.051 

wtAPP695.KK (124.1) 

424 + 34 

2.8 

3 X 10-5 

APP695-SW (143.3) 

457 + 65 

3.1 

2x 10-3 

APP695-SwKK (125.3) 

1308 + 98 

8.9 

3 X 10-4 


25 
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containing 10% fetal calf serum and 2 ml was added to each well of the 6 well plate 
a&cr first removing the old medium. After transfection, cells were grown in the 
continual presence of the oligofectin G/antisense oligomer. To monitor AP pq)tide 
release, 400 ^il of conditioned medium was removed periodically from the culture 
5 well and replaced with finesh medium beginning 24 hours after transfection. Ap 
peptides in the conditioned medium were assayed via immunopredpitation aixl 
Western blotting. Data reported are from culture supematants harvested 48 hours 
after transfection. 

The 16 different antisense oligomers obtained fit>m Seqnitur Inc. were 
10 transfected sq>arately into HEK125.3 cells to determine their affect on Ap peptide 
processing. Only antisense oligomers targeted against Asp2 significantly reduced 
Abeta processing by HEK125.3 ceUs. Both Ap (1-40) and Ap (1-42) were inhibited 
by the same degree. In Table 3, percent inhibition is calculated with respect to 
untransfected cells. Antisense oligomer reagents giving greater than 50% inhibition 
1 5 are marked with an asterisk. For ASP2, 4 of 4 antisense oligomers gave greater than 
50% inhibition with an average inhibition of 62% for Ap 1-40 processing and 60% for 
Ap 1-42 processing. 
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J. NeuroScL Res,, (1994) 39: 482-93; and Asami-Odaka et aL Biochem., (1995) 
5^:1 0272-8.] Essentially identical results were obtained in the neuroblastoma cells as 
the HEK293 cells. As shofwn in Table 3B, the pair of Asp2 antisense oligomers 
reduced Asp2 mRNA by roughly one-half, while the pair of reverse control oligomers 
5 lacked this effect (Table 3B). 

Table 3B 

Reduction of Ap40 and Ap42 in human neuroblastoma IMR-32 cells and mouse 
neuroblastoma Neura-2A cells treated with Asp2 antisense and control oligomers as 
10 indicated. Oligomers were transfected in quadruphcate cultures. Values tabulated are 
normalized agamst cultures treated with oligofectin-G™ only (mean + SD, ** 
p<0.00l compared to reverse control oligomer). 



IMR-32 cells 

Neuro-2A cells 


Asp2 
mRNA 

AP40 

AP42 

AP40 

Ap42 

Asp2-1A 

-75% 

-49 + 2%** 

-42 + 
14%** 

-70 + 
7%** 

-67 + 2%** 

Asp2-1R 

0.16 

-0 + 3% 

21.26 

-9 + 15% 

1.05 

A^2-2A 

-39% 

-43 + 3%** 

-44+18%** 

-61 

+12%** 

-61 +12%** 

Asp2-2R 

0.47 

12.2 

19.22 

6.15 

-8 + 10% 


20 

Together with the reduction in Asp2 mRNA there was a concomitant reduction in the 
release of A|J40 and AP42 p^tides into the conditioned medium. Thus, Asp2 
functions directly or indirectly in a human kidney and a human neuroblastoma cell 
line to facilitate the processing of APP into Ap pqjtides. Molecular cloning of the 
25 mouse A^2 cDNA revealed a high degree of homology to human (>96% amino acid 
identity, see Exws^Iq 3), and mdeed, complete nucleotide identity at the sites targeted 
by the Asp2-1 A and Asp2-2A antisense oligomers. Similar results were obtained in 
mouse Neuro-2a cells engineered to express APP-Sw-KK. The Asp2 antisense 
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motif is xised for transfection. A further increase is seen when Hu-Asp2 is 
cotransfected with APP-Sw-KK containing the Swedish mutation KM -*NL. The 
Swedish mutation is known to increase cleavage of APP by the P-rsecretase. 

A second set of experiments demonstrate Hu-Asp2 facilitates y-secretase 
5 activity in cotransfection experiments with human embryora'c kidney HEK293 cells. 
Cotransfection of Hu-Asp2 with an APP-KK ctone greatly increases production and 
release of soluble Apl-40 and ApI-42 peptides from HEK293 cells. There is a 
piopordonately greater increase in the release of Apl -42* A further increase in 
production of Api -42 is seen when Hu-Asp2 is cotransfected with APP-VF (SEQ ID 

10 No. 13 [nucleotide] and SEQ ID No. 14[aminoacid])orAPP-VF-KKSEQroNo. 19 
[nucleotide] and SEQ ID No. 20 [amino acid]) clones containing the London mutation 
V717-F. TheV717-F mutation is known to alter cleavage specificity of the APP 
y-secretase such that the preference for cleavage at the AP42 site is increased. Thus, 
Asp2 acts directly or indirectly to facilitate y-secretase processing of APP at the P42 

15 cleavage site. 
Materials 

Antibodies 6E10 and 4G8 were purchased from Senetek (St. Louis, MO). 
Antibody 369 was obtained from the laboratory of Paul Greengard at the Rockefeller 
University. Antibody C8 was obtained from the laboratory of Dennis Selkoe at the 
20 Harvard Medical School and Brigham and Women's Hospital. 
APP Constructs used 

The APP constructs used for transfection experiments comprised the following 

APP: wild-type APP695 (SEQ ID No. 9 and No. 10) 

APP-Sw: APP695 ccmtaining the Swedish KM-NL mutation (SEQ ID No. 1 1 
25 and No. 12 , wherem the lysine (K) at residue 595 of APP695 is changed to 

asparagine (N) and the methionine (M) at residue 596 of APP695 is changed to 
leucine (L).), 

APP-VF: APP695 containing the London V-F mutation (SEQ ID Nos^ 13 & 
14) (Affected residue 717 of the APP770 isoform corresponds with residue 642 of the 
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centrifuged at 1,500 rpm for 5 minutes to remove the medium. The cell pellets were 
washed once with PBS. We then lysed the cells witii lysis buffer (10 raM HEPES, pH 
7.9, 1 50 mM NaCl, 10% glycerol, 1 mM EGTA, 1 mM EDTA, 0 J mM sodium 
vanadate and 1 % NP-40). The lysed cell mixtures were centrifuged at 5000 rpm and 
5 the supernatant was stored at -20°C as the cell extracts. Equal amounts of extracts 

from HEK125.3 cells transfected with the Asp2 antisense oligomers and controls were 
precipitated wifli antibody 369 that recognizes the C-terminus of APP and then CTF99 
was detected in the inmnmoprecq)itate with antibody 6E10. The experiment was 
repeated using C8, a second precipitating antibody that also recognizes the C-tenninus 

10 of APP. For Western blot of extracts from mouse Neuro-2a cells cotransfected with 
Hu-Asp2 and APP-KK, APP-Sw-KK, APP-VF-KK or APP-VF, equal amounts of cell 
extracts were electrophoresed through 4-10% or 10-20% Tricine gradient gels 
(NOVEX, San Diego, CA). Full length APP and the CTF99 p-secretase product were 
detected with antibody 6E10. 

15 Results 

Transfection of HEK125.3 cells with Asp2-l or Asp2-2 antisense oligomers 
reduces production of the CTF P-secretase product in comparison to cells similarly 
transfected with control oligomers having the reverse sequence (Asp2-1 reverse & 
Asp2-2 reverse), see Figure 9. Correspondingly, cotransfection of Hu-Asp2 into 

20 mouse Neuro-2a cells with the APP-KK construct increased the formation of CTF99. 
(See Fig. 10.) This was further increased if Hu-Asp2 was coexpressed with 
APP-Sw-KK, a mutant form of APP containing the Swedish KM-NL mutation that 
increases p-secretase processing. 

Effects of Asp2 on the production of Ab peptides from endogenously 

25 expressed APP isoforms w^e assessed in HEK293 cells transfected with a construct 
expressing Asp2 or with the empty vector afl©r selection of transfomiants with the 
antibiotic G41 8. AP40 production was increased in cells transformed with the Asp2 
construct in comparison to those transformed with the anpty vector DNA. Ap40 
levels in conditioned medium collected from the Asp2 transformed and control 

30 cultures was 424 ± 45 pg /ml and 1 13 ± 58 pg/ml, respectively (p<0.001). Ap42 
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Table 4 

Results of cotransfecting Hu-Asp2 or pcDNA plasmid DNA with various APP 
constructs contaimng the V71 7-»F mutation that modifies Y-secretase processing. 
Cotransfection with Asp2 consistently increases the ratio of Ap42/total Ap. Values 
tabulated are Ap peptide pg/ml. 




pcDNA 
Cotransfection 


Asp2 

Cotransfection 




Ap40 

AP42 

Ap42A'ot 
al 

AP40 

Ap42 

Ap42/rot 
al 


APP 

192±1 
8 

<4 

<2% 

188+40 

8+10 

3.9% 

APP-VF 

118±1 
5 

15±19 

11.5% 

85+7 

24±12 

22.4% 

APP-KK 

352±2 
4 

21±6 

5.5% 

1062+101 

226±4 
9 

17.5% 

APP-W-K 
K 

230+3 
1 

88+24 

27.7% 

491±35 

355±3 
6 

42% 
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Rapid DNA Ligation kit [Boerhinger Mannheim]. The ligation reaction was used to 
transfonn the E. coli strain JM109 (Promega) and colonies were picked for the 
purij5cation of plasmid (Qiagen,Qiaprep minispin) and DNA sequence analysis . For 
inducible expression using induction with isopropyl b-D-thiogalactopyranoside 
(IPTG), the expression vector was transferred into E. coli strain BL21 (Statagene). 
Bacterial cultures ware grown in LB broth in the presence of ampiciilin at 100 ug^ml, 
and induced in log phase growth at an OD600 of 0.6-1 .0 with 1 mM IPTG for 4 hour 
at 37*C. The cell pellet was harvested by centrifiigation. 

To clone Hu-Asp2 sequences bdiind the T7 tag and caspase leader (SEQ ID 
Nos. 23 and 24), the construct created above containing the T7-Hu-Asp2 sequence 
(SEQ ID Nos. 21 and 22) was opened at the BamHl site, and then the phosphorylated 
ca^ase 8 leader ohgonucleotides 

#559=GATCGATGACTATCTCTGACTCTCCGCGTGAACAGGACG (SEQ ID No. 
37), #560=GATCCGTCCTGTTCACGCGGAGAGTCAGAGATAGTCATC (SEQ 
ID No. 38) were annealed and ligated to the vector DNA. The 5' overhang for each set 
of oligonucleotides was designed such that it allowed ligation into the BamHI site but 
not subsequent digestion with BamHI. The ligation reaction was transformed into 
JM109 as above for analysis of protein expression after transfer to E. coli strain BL2L 

In order to reduce the GC content of the 5* terminus of aqj2(a), a pair of 
antiparallel oligos were designed to change degenerate codon bases in 15 amino acid 
positions from G/C to A/T (SEQ ID Nos. 25 and 26). Tbe new nucleotide sequence at 
the 5* end of asp2 did not change the encoded amino add and was chosen to optimize 
j^. Co// expression. The sequence ofthesense.linker is 5' 

CGGCATCCGGCTGCCCCTGCGTAGCGGTCTGGGTGGTGCTCCACTGGGTCT 
GCGTCTGCCCCGGGAGACCGACGAA G 3' (SEQ ID No. 39). The sequence of 
the antisense linker is : 5* 

CTTCGTCGGTCTCCCGGGGCAGACGCAGACCCAGTGGAGCACCACCCAGA 
CCGCTACGCAGGGGCAGCCGGATGCCG 3' (SEQ ID No. 40). After annealing 
the phosphorylated linkers together in 0.1 M NaCl-10 mM Tris, pH 7.4 they were 
ligated into umque Cla I and Sma I sites in Hu-Asp2 in the vector pTAC. For 
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ampidllin at 100 ug/ml» and induced in log phase growth at an OD600 of 0.6-1 .0 with 
1 mM IPTG for 4 hour at 37'C- The cell pellet was harvested by centrifiigation. 

To assist purification, a 6-His tag can be introduced into any of the above 
constructs following the T7 lead^ by opening the construct at the BamHl site and 
5 then ligating in the annealed, phosphoryiated oligonucleotides containing the six 

histidine sequence #565=GATCGCATCATCACCATCACCATG (SEQ ID No. 45), 
#566=GATCCATGGTGATGGTGATGATGC (SEQ ID No, 46). He 5' overhang for 
each set of oligonucleotides was designed such that it allowed ligation into the BamHI 
site but not subsequent digestion with BamHI. 

10 Preparation of Bacterial Pellet: 

36.34g of bacterial pellet representing 10. 8L of growth was dispersed into a 
total volume of 200ml using a 20mm tissue homogenizer probe at 3000 to 5000 rpm 
in 2M KCl, O.IM Tris, 0.05M EDTA, ImM DTP. The conductivity adjusted to about 
193mMhos with water. After the pellet was dispersed, an additional amount of the 

15 KCl solution was added, bringmg the total volume to 500 ml. This suspension was 
homogenized further for about 3 minutes at 5000 rpm using the same probe. The 
mixture was then passed through a Rarmie high-pressure homogenizer at 10,000psi/ 
hi all cases, the pellet material was carried forward, while the soluble fi^on 
was discarded. The resultant solution was centrifuged in a GSA rotor for 1 hour at 

20 12,500 rpm. The pellet was resuspended in the same solution (without the DTT) using 
the same tissue homogenizer probe at 2,000 rpm. After homogenizing for 5 minutes 
at 3000 rpm, the volume was adjusted to 500ml with the same solution, and spun for 1 
hour at 12,500 rpm. The pellet was then resuspended as before, but this time the final 
volume was adjusted to 1 .5L with the same solution prior to homogenizing for 5 

25 minutes. After centrifiiging at the same speed for 30 minutes, this procedure was 
repeated. The pellet was then resuspended into about 15Qm] of cold water, pooling 
the pellets from the six centriftige tubes used in the GSA rotor. The pellet has 
homogenized for 5 minutes at 3,000 rpm, volume adjusted to 250ml with cold water, 
then spun for 30 minutes. Weight of the resultant pellet vras I7.75g. 
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Washed with 250ml buffer A (wash 2) 
Washed with 250ml buffer A* 
Washed with 25ftiil buffer B' 
Washed with 250ml buflFer A' 
5 Eluted with 250ml 75mM Imidazole 

Eluted with 250ml 1 50nM Imidazole (1 50-1) 
Eluted with 250ml 1 50mM Imidazole (1 50-2) 
Eluted with 250ml 30QmM Imidazole (300-1) 
Eluted with 250ml 300mM Imidazole (300-2) 
1 0 Eluted with 25Qml 300mM Imidazole (300-3) 

Chromatography Results: 

The Hu-Asp(a) eluted at 75mM Imidazole through 300mM Imidazole. The 75mM 
fraction, as well as the first 150mM Imidazole (150-1) fraction contained 
1 5 contaminating proteins as visualized on Coomassie Blue stained gels. Therefore, 
fractions 150-2 and 300-1 will be utilized for refoldmg experiments since they 
contained the greatest amount of protein as visualized on a Coomassie Blue stained 
gel 

Refolding Experiments of Recombinant Hu-Asp2(a): 

20 Experiment 1: 

Forty ml of 150-2 was spiked with IM DTT, 3M Tris, pH 7.4 and DEA to a final 
concentration of 6mM, 50mM, and 0.1% respectively. This was diluted suddenly 
(while stirring) with 200ml of (4^C) cold 20mM NaP, pH 6.8, 1 50mM NaCL This 
dilution gave a final Urea concQitration of IM. This solution remained clear, even if 

25 allowed to set open to the air at room temperature (RT) or at 4*^0 . 

Aft^ setting open to the air for 4-5 hours at 4°C, this solution was then dialyzed 
ovOTiight against 20mM NaP, pH 7.4, 1 50mM NaCl, 20% glycerol. This method 
effectively removes the urea in the solution without precipitation of the protein. 

30 

-74- 


wo 01/50829 PCT/IBOl/00799 

contains the natural translation termination codon in the Hu-Asp2 sequence. PGR 
amplification of the pcDNA3.1(hygro)/HU'Asp2(a) template was used to prepare two 
derivatives of Hu-Asp2(a) or Hu-A^(b) that delete the C-tenninal transmembrane 
domain (SEQ ID Nos. 29-30 and 50-51 , respectively) or delete tbe transmembrane 
5 domain and introduce a hexa-histidine tag at the C-terminus (SEQ ID Nos. 3 1-32 and 
52-53) respectively, were also engineered using PGR The same 5'-sense 
oligonucleotide primer described above was paired with either a 3'-antisense primer 
that (1) introduced a translation termination codon after codon 453 (SEQ ID No. 3) or 
(2) incorporated a hexa-histidine tag followed by a translation termination codon in 

10 thePCR using pcDNA3.1(hygro)/Hu-Asi>-2(a) as the template. In all cases, the PGR 
reactions were performed amplified for 1 5 cycles using Pwol DNA polymerase 
(Boehringer-Mannheim) as outlined by the supplier. The reaction products were 
digested to completion with BamHl and Notl and ligated to BamHl and Notl digested 
baculovirus transfer vector pVL1393 (Livitrogen). A portion of flie ligations was used 

1 5 to transform competent E. coli DH5_ cells followed by antibiotic selection on 

LB-Amp. Plasraid DNA was prepared by standard alkaline lysis and banding in GsCI 
to yield the baculovirus transfer vectors pVL1393/Asp2(a), pVL1393/Asp2(a)ATM 
and pVLl 393/Asp2(a)ATM(His)6. Creation of recombinant baculoviruses and 
infection of sf9 insect cells was performed using standard methods. 

20 Expression by transection 

Transient and stable expression of Hu-Asp2(a)ATM and 
Hu-Asp2(a)ATM{His)6 in High 5 insect cells was performed using the insect 
expression vector pIZA/^5-His. The DNA inserts bom the expression plasmids vectors 
pVL1393/Asp2(a), pVL1393/Asp2(a)ATM and pVL1393/Asp2(a)ATM(His)6 were 

25 excised by double digestion with BamHl and Notl and subcloned into BamHl and 

Notl digested pI2yV5-His using standard methods. The resulting expression plasmids, 
referred to as pIZ/Hu-Asp2ATM and pIZ/Hu-Asp2ATM(His)6, were prepared as 
described above. 

For transfection. High 5 insect cells were cultured in High Five serum firee 
30 medium supplemented with 10 jig/ml gentamycin at 27 °C in sealed flasks. 
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Amino-terminal sequence analysis of the purified Hu-Asp2(a)ATM(His)^ 
protein revealed that the signal peptide had been cleaved [TQHGIRLPLR, 
contending to SEQ ID NO: 32, residues 22-3]. 

5 Example 11 

Expression of Hu-Asp2(a) and Hu-Asp(b) in CHO cells 

The materials (vectors, host cells, ^c.) and methods described herein for 
expression of Hu-A^2(a) are intended to be equally applicable for expression of 
Hu-Asp2(b). 

1 0 Heterologous expression of Hu-Asp'2(a) in CHO KJ cells 

The entire coding sequence of Hu-Asp2(a) was cloned into the mammalian 
expression vector pcDNA3.1(+)Hygro (hivitrogen, Carlsbad, CA) which contains the 
CMV immediate early proruoter and bGH polyadenylation signal to drive over 
expression. The expression plasmid, pcDNA3.1(+)Hygro/Hu-Asp2(aX was prepared 

15 by alkaline lysis and banding in CsCl and completely sequenced on both strands to 
verify the integrity of the coding sequence. 

Wild-type Chinese hamster ovary cells (CHO-Kl) were obtained from the 
ATCC. The cells were maintained in monolay^ cultures in a-MEM containing 10% 
FCS at 37''C in 5% COj. Two 100 mm dishes of CHO-Kl cells (60% confluent) were 

20 transfected with pcDNA3. 1 (+)/Hygro alone (mock) or 

pcDNA3:l (+)Hygro/Hu-Asp2(a) or pcDNA3.1(+)HygrD/Hu-Asp2(b) using the 
cationic Uposome DOTAP as recommended by the supplier (Roche, Indianapolis, IN). 
The cells were treated with the plasmid DNA/hposome mixtures for 15 hours and then 
the medium replaced with growth medium containing 500 Units/ml hygromycin B. In 

25 the case of pcDNAJ. I (+)Hygro/Hu-Aqp2(a) or (b) transfected CHO-Kl cells, 

individual hygromycin B-resistant cells were cloned by hmiting dilution. Following 
clonal expansion of the individual cell lines, expression of Hu-Asp2(a) orHu-Asp2(b) 
protein was assessed by Western blot analysis using a polyclonal rabbit antiserum 
raised against recombinant Hu-Asp2 prepared by expression in colt. Near 

30 confluent dishes of each cell line were harvested by scraping into PBS and the cells 
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were pooled and dialyzed against 25 mM NaOAc (pH 4.5)/50 mM P-octylglucoside. 
Following dialysis, precipitated material was removed by centrifiigation and the 
soluble material chromatographed on a MonoS cation exchange column that was 
previously equilibrated in 25 mM NaOAc (pH 4.5)/ 50 mM P-octjdglucoside- The 
5 column was eluted using a linear gradient of increasing NaCl concentration (0-1 .0 M 
over 30 minutes) and individual fractions assayed by Western blot analysis and for 
P-secretase activity. Fractions containing both Hu- Asp2 immunoreactivity and 
P-secretase activity were combined and determined to be >95% pure by 
SDS"PAGE/Coomassie Blue staining. 
10 The same methods were used to express and purify Hu-Asp2(b). 

Example 12 

Assay of Hu-Asp2 p-secretase activity using peptide substrates 

fi-secretase assay 

1 5 Recombinant human Asp2(a) prepared in CHO cells and purified as described 

in Example 1 1 was used to assay Asp2(a) proteolytic activity directly. Activity assa}^ 
for Asp2(a) were performed using synthetic peptide substrates containing either the 
wild-type APP p-secretase site (SEVKMJDAEFR; SEQ ID NO: 64), the Swedish 
KM-NL mutation (SEVNLi DAEFR; SEQ ID NO: 63), or the AP40 and 42 

20 Y-secretase sites (RRGGW i lA i T VTVGER; SEQ ID NO: 65). Reactions were 
performed in 50 mM 2-[N-moipholino]ethane^sulfonate ("Na-MES/' pH 5.5) 
containing 1 % P-octylglucoside, 70 mM peptide substrate, and recombinant Asp2(a) 
(1-5 |xg protein) for various times at iTC, The reaction products were quantified by 
RP-HPLC using a linear gradient from 0-70 B over 30 minutes (A==0.1 % TFA in 

25 water, B=0. 1 %TFA/1 0%water/90%AcCN). The elution profile was monitored by 
absorbance at 214 nm. hi preUminary experiments, the two product peaks which 
eluted before the intact peptide substrate, waie confirmed to have the sequence 
DAEFR (SEQ ID NO: 72)and SEVNL (SEQ ID NO: 73) using both Edman 
sequencing and MADU-TOF mass spectrometry. Percent hydrolysis of the peptide 

30 substrate was calculated by comparing the integrated peak areas for the two product 
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preincubation phase of the reaction and the kinetics of the reaction monitored as 
described above. Activators are scored as compounds that increase the rate of 
appearance of fluorescence while inhibitors decrease the rate of appearance of 
fluorescence, 

5 It will be clear that the invention be practiced otherwise than as 

particularly described in the foregoing description and examples. 

Numerous modifications and variations of the present invention are possible in 
hgihtofthe above teachings and, therefore, are within the scope of the invention. The 
entire disclosure of all publications cited herein are hereby incorporated by refereuce. 

10 
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8. A polypeptide according to claim 6, wherein the human APP is 
selected from the groiq) consisting of: an APP695 isoform, an APP 75 1 isofonn, and 
an APP770 isofonn. 

5 9. A polypeptide according to claim 1 wherein the APP pn>tein or 

fragment thereof comprises the APP-Sw p-secretase peptide sequence NLDA. 

10. A polypeptide according to claim 9 wherein the APP protein or 
fragment thereof comprises the APP-Sw P-secretase peptide sequence 

10 SEVNLDAEFR (SEQ ID NO: 63). 

11. A polypq)tide accordmg to claim 9 wherem the APP protein or 
fragment thereof further includes an APP transmembrane domain carboxy-terminal to 
the APP-Sw P-secretase peptide sequence. 

15 

12. A polypeptide according to claim 9 wherein the APP protein or 
fragment thereof comprises a chimeric APP, said chimeric APP including partial APP 
amino acid sequences from at least two species. 

20 1 3. A polypeptide according to claim 12 wherein the chimeric APP 

includes amino acid sequence of a human APP and a rodent APP. 

14. A polynucleotide comprising a nucleotide sequence that encodes a 
polypeptide according to any one of claims 1 . 

25 

15. A vector comprising a polynucleotide according to claim 14. 

16. A vector accOTdmg to claim 1 5 wherein said polynucleotide is operably 
linked to a promoter to promote expression of the polypeptide encoded by the 

30 polynucleotide in a host cell. 
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24. A purified polypeptide ccraprising the murine Asp2 amino acid 
sequence set forth in SEQ ID NO: 8, or a fragment thereof that retains the p-secnetase 
activity of said murine Asp2. 

5 25 . A polynucleotide comprising a nucleotide sequence that encodes the 

polypq>tide of claim 24, 

26. A polynucleotide according to claim 25 comprising the nucleotide 
sequence set forth in SEQ ID NO: 7. 

10 

27. A purified murine Asp2(b) polypq)tide comprising the amino acid 
sequence set for in SEQ JD NO: 8 from residues 1-189 and 215-501, but lacking 
residues 190-214. 

15 28. A polynucleotide comprising a nucleotide sequence that encodes the 

murine Asp2(b) polypeptide according to claim 27. 

29. A vector comprising a polynucleotide according to claim 25. 

20 30. A vector according to claim 29 wherein said polynucleotide is operably 

linked to a promoter to promote expression of the polyp^tide encoded by the 
polynucleotide in a host cell. 

31. A host cell transformed or transfected with a vector according to claim 

25 30. 

32. A host cell according to claim 31 that is a mammalian cell. 

33. A host cell according to claim 31 that expresses the polypq)tide on its 
30 surface. 
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43. A host cell according to claim 41 wherein the APP comprises the 
Swedish mutation (K— M— ♦L) adjacent to the p-secretase cleavage site. 

44. A host cell according to claim 41 that expresses the polypeptide and 
5 the APP on its surface. 

45. A method of making a murine Asp2 polypeptide comprising steps of 
culturing a host cell of claim 38 in a culture medium under conditicHis in which the 
cell produces die polypeptide that is encoded by the polynucleotide. 

10 

46. A mediod according to claim 45, further comprising a step of puri^ring 
the polypeptide from the cell or the culture medium. - 

47. A purified polypeptide comprising a fragment of a mammalian Asp2 

1 5 protein, wherein said polypeptide lacks the Asp2 transmembrane domain of said Asp2 
protein, and wherem the polypeptide and the fi^gm^t retain the P-secretase activity 
of said mammalian Asp2 protein. 

48. A purified polypeptide according to claim 47 comprising a fi^gment of 
20 a human Asp2 protein that retains the P-secretase activity of said human Asp2 protein. 

49. A purified polypeptide according to claim 48, wherein said polypq)tide 
comprises a fragment of Asp2(a) having the amino acid sequence set forth m SEQ ID 
NO: 4, and wherein said polypeptide lacks transmembrane domam amino acids 455 to 

25 477 ofSEQIDN0:4. 

50. A purified polypeptide according to claim 49, wherein said polypeptide 
further lacks cytoplasmic domain amino acids 478 to 501 of SEQ ID NO: 4. 
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58. A purified polypqjtide according to claim 57, wherein said polypeptide 
further lacks amino acids 395-429 of SEQ ID NO: 4. 

59. A purified polypeptide according to any one of claims 56-58, wherein 
5 said polypeptide comprises an amino acid sequence: 

that includes amino acids 58 to 394 of SEQ ID NO: 4, and 
that lacks amino acids 22 to 57 of SEQ ID NO: 4. 

60. A purified polypeptide according to any one of claims 56-58, wherein 
10 said polypeptide comprises an amino acid sequence: 

that includes amino acids 46 to 394 of SEQ ID NO: 4, and 
that lacks amino acids 22 to 45 of SEQ ID NO: 4. 

61. A purified polypeptide according to claim 56, wherein said polypeptide 
15 comprises an amino acid sequraice that includes amino acids 22 to 429 of SEQ ID 

NO: 6. 

62. A polypeptide comprising an amino acid sequence at least 95% 
identical to a fiagment of a human Asp2 protein, wherein said polypeptide and said 

20 fragment lack a transmembrane domain and retain P-searetase activity of the human 
Asp2 protein. 

63. A purified polynucleotide comprising a nucleotide sequence that 
encodes the polypeptide of any one of claims 47-63. 

25 

64. A polynulcleotide of claim 47 wherein the polypeptide comprises a 
fi*agment of human Asp2 protein. 

65. A polynucleotide of claim 64 wherein the polypeptide comprises a 
30 fi:agment of Asp2(a) having the amino acid sequ^ce set forth as SEQ ID NO: 4, and 
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73. A polynucleotide of claim 72, wherein the polypeptide jfurtho: lacks 
amino acids 395-429 of SEQ ID NO: 6. 

74. A polynucleotide of claim 71, wherein the polypeptide comprises an 
5 amino acid sequence: 

that includes amino acids 58-394 of SEQ ID NO: 6, and 
that lacks amino acids 22 to 57 of SEQ ID NO: 6. 

75. A polynucleotide of claim 71, wherein the polypeptide comprises an 
10 amino acid sequence: 

that includes amino acids 46-394 of SEQ ID NO: 6, and 
that lacks amino acids 22-45 of SEQ ID NO: 6. 

76. A polynucleotide of claim 71, wherein the polypeptide comprises an 
1 5 amino acid sequence that includes amino acids 22 to 429 of SEQ ID NO: 6. 


77* A vector con^rising a polynucleotide according to claim 63. 

20 78. A host cell transfonned or transfected with a polynucleotide according 

to claim 63. 

79. A host cell transformed or transfected with a vector of claim 77. 

25 80. A polynucleotide conq)rismg a nucleotide sequence that hybridizes 

under stringent conditions to a nucleic acid comprising the sequence set forth in SEQ 
ID NO: 4 or SEQ ID NO: 6, wherein the nucleotide sequence encodes a polypeptide 
having P-secretase biological activity. 

30 81 . A vector comprising a polynucleotide of claim 80. 
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88. A method according to claim 83, wherein the substrate polypeptide of 
the second composition comprises the amino acid sequence EVKMDAEF. 

89. A method according to claim 83, wherein the second composition 
5 comprises a polypeptide having an amino acid sequence of a human pmyloid 

precursor protein (APP), 

90. A method according to claim 89, wherein the human amyloid precursor 
protein is selected from the group consisting of: APP695, APP751, and APP770. 

10 

91 . A method according to claim 90, wherein the human amyloid precursor 
protein includes at least on mutation selected from a KM-NL Swiss mutation and a 
V-^F London mutation. 


1 5 92. A method according to claim 89, whwein the polypeptide having an 

amino acid sequence of a human APP further comprises an amino acid sequence 
comprising a marker sequence attached amino-terminal to the amino acid sequence of 
the human amyloid precursor protein. 

20 93. A method according to claim 89, wherein the polypeptide having an 

amino acid sequence of a human APP further comprises two lysine residues attached 
to the carboxyl terminus of the amino acid sequence of the human APP. 


94. A method according to claim 82, wherein the second composition 
25 comprises a eukaiyotic cell that expresses amyloid precursor protein (APP) or a 
fragment thereof containing a P-secretase cleavage site. 


95. A method according to claim 94, wherein the APP expressed by the 
host cell is an APP variant that includes two caiboxyl-tenninal lysine residues, 

30 
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99. A method according to claim 97 wherein the Hu-Asp2 comprises the 
Hu-Asp2(a) amino acid sequence set forth in SEQ H) NO: 4. 

5 100. Amethodaccordingtoclaim97, wherein the Hu-Asp2 comprises the 

Hu-Asp2(b) amino acid sequence set forth in SEQ ID NO: 6. 

lOL A method according to claim 97, wherein the Hu-Asp2 comprises a 
fragment of Hu-Asp2(a) (SEQ ID NO: 4) or Hu- Asp2(b) (SEQ ID NO: 6), wherein 
1 0 said fragment exhibits aspartyl protease activity characteristic of Hu-Asp2(a) or Hu- 
Asp2(b). 

1 02. A method according to claim 96, wherein the APP comprises the 
Swedish mutation (K-^N, M-^L) adjacent to the P-secretase processing site. 

15 

103. A method according to claim 96, finther comprising a step of treating 
Alzheimer's Disease with an agent identified as an inhibitor of Hu-Asp2 according to 
steps (a)-(c). 

20 . 104. A method for identifying agents that inhibit the activity of human Asp2 

aspartyl protease (Hu-Asp2), comprising the steps of: 

(a) contacting Hu-Asp2 and amyloid precursor protein (APP) in the 
presence and absence of a test agent, wherein the APP comprises a caiboxy- 
terminal di-Iysine (KK) and wherein tfie contacting comprises growing a host 

25 cell that expresses the APP in the presence and absence of the test agent; 

(b) determining the APP processing activity of the Hu-Asp2 in the 
presence and absence of the test agent; and 

(c) comparing the APP processing activity of the Hu-Asp2 polypeptide in 
the presence of the test agent to the activity in the absence of the test agent to 

30 identify an agent that inhibits the activity of Hu-Asp2, wherein reduced 
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growing a host cell transfonned or transfected with a polynucleotide 
comprising a nucleotide sequence encoding the Hu-Asp2 in the presence and 
absence of the test agent; 

(b) determining the APP processing activity of the Hu- Asp2 in the 
5 presence and absence of the test agent; and 

(c) comparing the APP processing activity of the Hu-Asp2 polypqjtide in 
the presCTice of the test agent to the activity in the absence of the test agent to 
identify an agent that inhibits the activity of Hu-Asp2, wherdn reduced 
activity in the presence of the test agent identifies an agent that inhibits Hu- 

10 Asp2 activity. 

1 09. A method according to claim 1 08, vrfierein the host cell expresses APP. . 

110. A method according to claim 1 09 wherein the determining step 
1 5 comprises measuring the production of amyloid beta pqjtide by the cell in the 

presence and absence of the test agent 

111. A method according to claim 109, wherein the host cell expresses an 
APP having an amino acid sequence that includes a carboxy-terminal di-lysine. 

20 

112. A method according to claim 1 09, wherein the host cell expresses an 
APP comprising the Swedish mutation (K-^N, M-^L) adjacent to the (J-secretase 
processing site. 

25 1 1 3. A method according to claim 1 08, wherein the host cell is a human 

embryonic kidney cell line 293 (HEK293) cell. 
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1 19. A method according to claim 108 wherein the Hu-Asp2 is encoded by 
a nucleotide sequence of a polynucleotide that hybridizes under stringent 
hybridization conditions to the complement of a Hu-Asp2-encoding iK)lynucleotide 
selected from the group consisting of SEQ ID NO: 3 and SEQ ID NO: 5. 

5 

120. A method according to claim 1 08, further comprising a step of treating 
Alzheimer's Disease with an agent identified as an inhibitor of Hu-Asp2 according to 
steps (a)-(c). 

10 121 . A method for identifying agents that modulate the activity of Asp2 

aspartyl protease, comprising the steps of: 

(a) contacting an Asp2 aspaitjl protease and amyloid precursor protein 
(APP) in the presence and absence of a test agent, wherein the Asp2 aspartyl protease 
is encoded by a nucleic acid molecule that hybridizes under stringent hybridization 

15 conditions to the complement of a Hu-Asp2-encoding polynucleotide selected from 
the group consisting of SEQ ID NO: 3 and SEQ ID NO: 5; 

(b) determining the APP processing activity of the Asp2 aspartyl protease 
m the presence and absence of the test agent; and 

(c) comparing the APP processing activity of the Asp2 aspartyl protease in 
20 the presence of the test agent to the activity in the absence of the agent to identify 

agents that modulate the activity of the Asp2 aspartyl protease, wherein a modulator 
that is an Asp2 inhibitor reduces APP processing and a modulator that is an Asp2 
agonist increases such processing. 

25 122. A method according to claim 121, wherein the Asp2 aspartyl protease 

is purified and isolated. 

123. A method according to claiml21, further comprising a step of treating 
Alzheimer's Disease with an agent identified as an inhibitor of Hu-Asp2 according to 
30 steps (aXc). 
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130. A method of reducing cellular production of amyloid beta ( AP) from 
amyloid precursor protein (APP), comprising step of transforming or transfecting cells 
with an anti-sense reagent capable of reducing Asp2 polypeptide production by 
5 reducing Asp2 transcription or translation in the cells, wherein reduced Asp2 

polypeptide production in tiie cells correlates with reduced cellular processing of APP 
into Ap. 


131 . A method according to claim 130, wherein the cell is a neural cell. 

10 

132. A method according to claim 130, wherein the anti-sense reagent 
comprises an oligonucleotide comprising a single stranded nucleic acid sequence 
capable of binding to a Hu-Asp mRNA. 


15 133. A method according to claim 130, wherein the anti-sense reagent 

comprises an oligonucleotide comprising a single stranded nucleic acid sequence 
capable of binding to a Hu-Asp DNA. 

1 34, A method of reducing cellular production of amyloid beta (Ap) from 
20 amyloid precursor protein (APP), comprising steps of: 

(a) identifying mammalian cells that produce Ap; and 

(b) transforming or transfecting the cells with an anti-sense reagent 
capable of reducing Asp2 polypeptide production by reducing Asp2 
transcription or translation in the cells, wherein reduced Asp2 polypeptide 

25 production in the cells correlates with reduced cellular processing of APP into 

Ap. 

1 35. A method according to claim 134, wberein the cell is a neural cell. 


-102- 


wo 01/50829 


PCT/lBOl/00799 


144. A method according to claim 1 24 vrfierein the Hu-Asp2 is purified and 
isolated. 

145. A method according to claim 124, wherein the Hu-Asp2 is encoded by 
5 a nucleic acid that hybridizes under stringent hybridization conditions to the 

complement of a Hu-Asp2-encoding polynucleotide selected fix)m the group 
consisting of SEQ ID NO: 3 and SEQ ID NO: 5. 

146. A method according to claim 124, wherein the Hu-A^2 is selected 
1 0 fiom the group consisting of: 

(a) Hu-Asp2(a) comprising the amino acid sequence set forth in SEQ ID 

NO: 4; 

(b) Hu-Asp2(b) comprising the amino acid sequence set forth in SEQ ID 
NO: 6; and 

(c) fragments of Hu-Asp2(a) (SEQ ID NO: 4) and Hu-Asp2(b) (SEQ ID 
NO: 6) that cleave the APP substrate at a p-secretase cleavage site. 

147. A method according to claim 87, wherein the Hu-Asp2 comprises an 
amino acid sequence at least 95% identical to an amino acid sequence selected fiom 
the group consisting of SEQ ID NOS: 4 and 6. 

148. A method according to claim 146, wherem the Hu-Asp2 comprises a 
soluble fragment of Hu-Asp2(a) or Hu-Asp2(b) that lacks an Asp2 transmembrane 
domain. 

149. A method according to claim 148, wherein the Hu-Asp2 has an amino 
add sequence consisting of a sequence-selected from the group consisting of SEQ ID 
NOS: 30, 32, 51, and 53. 
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ATGGGCGCACTGGCCCGG GCGCTGCTGCTG CCTCTGCTGGCC CAGTGGCTCCTG CGCGCC 
MGALARALLL PIiLAOWLI* RA 
CCCCX3G AGCTGGCCCCCG CGCCCTTCAC6C TGCCCCTCCGGG TGGCCGCGGCCA CGAAC 
APELA PAPFTLPliRVAAATN 
CGCGTAGTTGCGCCCACC CCGGGACCCGGG ACCCCTGCCGAG CGCCACGCCGRC GGCTTG 
RVVAP T PGPG TPAE RHAD GL 
GCGCTCGCCCTGGAGCCT GCCCTGGCGTCC CCCGCGGGCGCC GCCAACTTCTTG GCCATG 
AbALEPALAS P .AGAANPLAM 
GTAGAC AACCTGCA6GGG GACTCTGGCCGCGGCTACTACCTG GAGATGCTGATC GGQACC 
VDNLQGDSGRGYyiiEMIil GT 

CCCCCXSCAGAAGCTACAGATTCnXXSTTGACACTGGAAGCAGTAACTT^ 
PPQKLQ ILVD TGSS NFAV AG 

ACCCCG CACTCCTACATA GACACGTACTTT GACACA6AGAGG TCTAGCACATAC CGCTCC 
TPUSYIDTYFDTBRSSTY RS 

AAGGGC TTTGACGTCACA 6TGAAGTACACA CAAGGAAGCTGG AOGGGCTTCGTT GGGGAA 
KGFDVTVKYTQGSWTGFV GB 

GACCTCGTCACCATCXICC AAAGGCTTCRAT ACTrCTTTTCTT GTCAACATTGCC ACTATT 
D I.VTIPKGFWTSFI.VNIATI 

TTTGAATCAGAGAATTTC TTTTTGCCTGQG ATTAAATGGAAT GGAATACTTGGC CTAGCT 
PBSENFFLPG IKWNGILG I*A 

TATGCC ACACrrGCCAAG CCATCAAGTTCT CTGGAGACCTTC TTCGACTCCCTG GTGACA 
YATLAKPSSS LBTFFDSLVT 

CAAGCAAACATCCCCAAC GTTTTCTCCATG CAGATGTGTGGAGCCGGCTTGCCC GTTGCT 
QANIPNVFSMQMCGAGLPVA 

GGATCTGGGACCAACGGA GGTAGTCTTGTC TTGGGTGGAATT GAACCAAGTTTG TATAAA 
GSGTNGGSIiVIiGGI EPSLYK 

GGAGAC ATCTGGTATACC CCTATTAAGGAAGAGTTGGTACTAC CAGATAGAAATT CTGAAA 
GDIWYTPIK BEWYYQIKI LK 

TTGGAAATTGGAGGCCAA AGCCTTAATCTG GACTGCAGAGAG TATAACGCAGAC AAGGCC 
LBIGGQSLNLDCREYNAD KA 

ATCGTGGACAGTGGCACC ACGCTGCTGCGC CTGCCCCAGAAG GrTGTTTGATGCGCTGGTG 
IVDSGTTLI.R LPQKVFDAVV 

GAAGCT6TGGCCC6CX3CATCTCTGATTCCA 6AATTCTCTGAT GGTTTCTGGACT GGGTCC 
BAVARASLIP EFSDGFWT GS 

CAGCTG GCGTGCTGGACG AATTCGGAAACA CCTTGGTCTTAC ITCCCTAAAATC TCCATC 
QLACWTNSE T PWSY FPKI SI 

TACCTG AGAGATGAGAAC TCCAGCAGGTCA TTCCX3TATCACA ATCCTGCCTCAG CTTTAC 
YLRDENSSRS FRIT ILPQ h Y 

ATTCAG CCCATGATGGGG GCCGGCCTGAAT TATGAATGTTAC CGATTCGGCATT TCCCCA 
IQPHM6AGLNYECYRFGI SP 

TCCACAAATGCGCTGGTG ATCGGTGCCACG GTGATGGAGGGC TTCTACGTCATC TTCGAC 
STNALVIGATVMEGFYVI PD 

AGAGCCCAGAAGAGGGTG GGCTTCGCAGas AGCCCCTGTGCA GAAATTGCAGGT GCTGCA 
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ATGGCCCAAGCCCrGCCCTGGCTCCTGCTG TOGATCGGCGCG GGAGTGCTGCCT GCCCAC 
MAQAIiP WLLlVmGA-GVLPAH 

GGCACCCAGCACGGCATC CX3GCTGCCCCTG CGCAGCGGCCTG GGGGGCGCCCCC CTGGGG 
GTQHGI RLPLRS. GLGGAPLG 

CTGCGGCTGCCCCGGGAG ACCGACGAAGAG CCCGAGGAGCCC GGCCGGAGGGGC agcttt 

lrlpretdee pbepgrrgsf 

gtggagatggtggacaac ctgaggggcaag tcggggcagggctactacgtggag atgacc 
vemvdn lrgk sgqg yyvemt 

GTCG6CAGCCCCX:CX3CAG ACGCTCAACATC CTGGTGGATACAGGC2W3CAGTAACTTTGCA 
VGSPPQTLNI LVDT6SSNFA 

GTGGGTGCTOCCCCCCACCCCTTCCTGCAT CGCTACTACCAGAGGC31GCTGTCCAGCACA 
VGAAPHPFLHRYYQRQLSST 

TACC6GQACCTCCQGAAG GGTGTGTATGTG CCCTACACCCAG GGCAAGTGGGAAGGGGAG 
YR BbRK GVYV PTTQ GKWK GE 

CTGGGCACCGACCTGGTA AGCATCCCCCAT GGCCCCAACGTC ACTGTGCGTGCXrAACATT 
liGTDLVSIPHGPNVTVRANI 

GCTGCCATCACTGAATCAGACaAGTTCTTCATCAACGGCT 

AAITESDKFF INGS NWEG IL 

GGGCTGGCCTATGCTGAG ATTGCCAGGCTT TGTGGIGCTGGCTTCCCCCTCAACCAGTCT 
GLAYAE lARI* CGAG FPLNQS 

GAAGT6CT6GCCTCTGTC GGAGGGAGCATG ATCATTGGAGGT ATCGACCACTCG CTGTAC 
EVItASVGGSM IIGG IDHSIiY 

ACAGGCAGTCTCTGGTATACACCCATCCGG CGGGAGTGGTATTATGAGQT6ATCATTGTG 
TGSIiWYTPIR REWY YEVI IV 

CGGGT6GAGATCAATG6A C7W3GATCTGAAA AXGGACTGCAAG GAGTACAACTAT GACAAG 
RVE I NG QD LK MD CK EYNY DK 

A6CATTGTGGACAGIG6C ACCACCAACCTT CGTTTGCCCAAG AAAGrrGTTTGAAGCTGCA 
SI VDSG TTNL RLPKKVFEAA 

GTCAAATCCATCAAGGCA GCCTCCTCCACX3 GAGAAGTrCCCT GATGGTTTCTGG CTAGGA 
VKSIKAASST EKFPDGFWLG 

GAGCAGCTGGTGTGCTGG CAAGCAGGCACC ACCCCTTGGAAC ATTTTCCCAGTC ATCTCA 
EQ LV.CW QAGT TPWN I FPV I S 

CTCTACCTAATGGGTGAGGTTACCAACCAG TCCTTCCGCATC ACCATCCTTCCG CAGCAA 
LYLMGEVTNQ SFRI TlliP QQ 

TACCTGC6GCCA6TCGAA GATGTGGCCACG TCCCAAGACGACTGTTACAAGTTTGCCATC 
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FIGURE 3A 


ATX3GCCCAAGCCXrrGCCC TGGCTCCTGCTG TGGATGGGCGCG GGAGTGCTGCCT GCCCAC 
MA QALP HLLL WMG A GVLP AH 

GQCACCCAGCACGGCATC CQGCTGCCCXTG CGCAGCGGCCT6 GG6GGCGCCCCC CTGGGG 
GTQ HGI RLPbRSG IiGGAPliG 

CTGCGGCTGCCCCGGGAG ACCGACGAAGAG CCCGAGGAGCazrGGCCGGAGGGGCAGCTTT 
LRLPRE TDEE P EEP GRRG SF 

GTGGAGATGGTGGACAAC CTGAGGGGCAAG TCGGGGCAGGGCTACTACGTGGAG ATGACXT 
VEMVDNLRGKSGQGYYVEMT 

GTGGGCAGCCCCCCGCAG AOGCTCAACATC CTGGTGGATACAGGCAGCAC3TAAC TTTGCA 
VG SPPQ TLNI LVDT GSSN FA 

GTGGGTGCTGCCCX:CCAC CCCTTCCTGCAT CGCTRCTACCAG AGGCAGCTGTCC AGCACA 
VGAAPH PFLHRYYORQIiS ST 

TACCGGGACCTCCX3GAAG GGTGTGTATGTG CCXTTACACCCAG GGCAAGTGGGAA GGGGAG 
YRDLRKGVYV PYTQ GKWE GE 

CTGGGCACCGACCTGGTAAGCATCCCCCATGGCCrCAACXSTCACTG^ 
LGTDLVSIPHGPHVTVRANI 

GCTGCCATCACTGAATCAGACAAGTTCrrc ATCAACGGCTCC AACTGGGAAGGC ATCCTG 
AAITES DKFF INGS NWEG XL 

GGGCTGGCCTATGCTGAG ATTGCXZAGGCCT GACGACTCCCT6 GAGCCTTTCTTX GACTCT 
GLAYAE lARP DDSL EPFF DS 

CTGGTAAAGCAGACCCAC GTTCCCAACCTC TTCTCCCTGCAG CTTTGTGGTGCT GGCTTC 
IiV KQTH VPNL F SIiQ LCGA 6P 

CCCCTC AACCAGTCTGAAGTGCTGGCCTCT GTCGGAGGGAGC ATGATCATTGGA GGTATC 
PLNQSE VLAS VGGS M I 16 GI 

GACCAC TCGCTGTACACA GGCAGTCTCTGG TATACACCCATC CGGCGGGA6TGG TATTAT 
DHSLYTGSLWYTPI RREWY Y 

GAGGTC ATCATTGTGCGG GOt^GAGATCAAT GGACAG6ATCTG AAAATGGACTGC AAGGAG 
EVIIVRVBINGQDI. KMDC KE 

TACAACTATGACAAGAGC ATTGTG6ACAGT GGCACCACCAAC CTTCGTTTGCCC AAGAAA 
YNYDKS IVDSGTTNLRLP KK. 

GTGTTTGAAGCTGCAGTCAAATCCATCAAGGCAGCCTCCTCCACGGAGM 
VFEAAVKSIKAASSTEKF PD 
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FXGDRE 4 

ATGGCCCCAGCGCTGCA CTGGCTCCTGCT ATGGGTGGGCTC GGGAATGCTGCC TGCCCAG 
MAPALH WLLLWVGSGMLPAQ 
GGAACCCATCTCGGCAT CCGGCTGCCCCT TCGCAGCGGCCT GGCA6GGCCACC CCTGGGC 
GTHLGI RliPLRSGliAGPP 
CTCAGGCTGCCCCGGGAGACTGACGAGGAAOX^GGAGGAGCCTGGCCQGAGAGG CAGCTTT 
LRLPRE TD KE SEEPGRRG SF 
GTGGAGAT©3TGGACAA CXTTGAGGGGAAAGTCCGGCCAGGG CTACTATGTGGA GATGACC 
V EMVDN LRGK SGQG YYVE MT 
GT AGGCA6CCCCCCACA GACGCTCAACAT CXTTCGTOGACAC GGGCAGTAGTAA CTTTGCA 
VGSPP'Q TLNI LVDTGSSN FA 
GTGGGGGCTGCCCCACA CCCTTTCCTGCA TCGCTACTACCA GAGGCAGCTGTC CAGCACA 
VGAAPH PFLHRYYQRQLS ST 
TATCG AGACCTCCGAAA GGGTGTGTATGT GCCCTACACCCA GGGCAAGTGGGA GGGGGAA 
YRDLRKGVYVPYTQGKWE GE 
CTGGGCACCGACCTGGT GAGCATCCCTCA TGGCCCCAACGT CACTGTGCGTGC CAAC^TT 
LGTDLV SIPHGPNVTVRANI 
GCTGCCATCACTGAATC GGACAAGTTCTT CATCAATGGTTC CAACTG6GAGGG GATCCTA 
AAITBSDKFPINGSNWEGIL 
GGGCTGGCCTATGCTGAGATTGCCAG6CC C3GACGACTCTTT GGAGCCCTTCTT TGACTCC 
GLAYAE lARPDDSLE PFFDS 
CTGGTGAAGCAGACCCA CATTCCCAACAT CTTTTCCCTGCA GCTCTGTGGCGC TGGCTTC 
LV KQTH I PNI FSLQ LCGAGF 
CCCCTCAACCAGACCGA GGCACTGGCCTC GGTGGGAGGGAG CATGATCATTGG TGGTATC 
PLMQTEAI.ASVGGSMIIGGI 
GACCACTCGCTATACAC GGGCAGTCTCTG GTACACACCCAT CCX3GCGGGAGTG GTATTAT 
DHSLYTGSIiWYTPIRREWYY 
GAAGTGATCATTGTACG TGTGGAAATCAA TGGTCAA6ATCT CAAGATGGACTG CT^GGAG 
EVIIVR VEIN GQDLKMDC KE 
TACAACTACGACAAGAG CATTGTGGACAG TGGGACCACC3^ CCTTCGCTTGCC CAAGAAA 
YNYDKS I .VDS GT TN LRLP KK 
GTATT TGAAGCTGCCGT CAAGTCXTiTCAA GGCAGCCTCCTC 6ACGGAGAAGTT CCCGGAT 
VFBAAV KSI KAASS TEKF PD 
GGCTTTTGGCTAGGGGA GCAGCTGGTGTG CTGGCAAGCAGG CACGACCCCTTG GAACATT 
GFWLGE QLVCWQAGTTPWNI 
TTCCCAGTCATTTCACTTTACCTCATGGG TGAAGTCACCAATCAGTCCTTCCG CATCACC 
FPVISLYLMGEVTNQSFR IT 
ATCCTTCCTCAGCAATACCTACGGCCGGT GGA0GACX3TGGC CACX3TCCCAAGACGACTGT 
ILPQQY IiRPVKDVATSQDDC 
TACAAGTTCGCTGTCTC ACAGTCATCCAC GGGCACTGITAT GGGAGCCGTCAT CATGGAA 
YKFAVS QSST GTVMGAVI ME 
G6TTTCTATGTCGTCTT CXSATCGAGCCCG AAAGCGAATTGG CTTTGCTGTCA6 CGCTTGC 
GFYVVF DRAR KRI G FAVS AC 
CATGTGCACGATGAGTTCAGGACGGCGGC AGTGGAAGGTCC GTTTGTTACGGC AGACATG 
HVHD EF RTAAVEGP FVTADM 
GAAGACT(yroGCTAC3ACATTCCCCAGACAGATGAGTCAACACTTA 
EDCGYN IPQTDE STLMTI AY 
GTCATGGCGGCCATCTG CGCCCTCTTCAT GTTGCCACTCT6 (XTCATGGTATG TCAGTG6 
VMAAI C AIiFM LPLC LMVC QW 
CGCTG CCTGOSTTGCCrGCXSCCACCAGCA CGATGACTTTGC TGATGACATCTC CCTGCTC 
RCLRCL RHQH DOFADDIS LL 
AAGTAAGGAGGCTCXSTGGGCAGATGATGGAGACGCX^CCTGGACCACATCTGGGTGGTO 
K 

CrXTGGTCACATGAGTTGGAGCTATGGAT 6GXACCTGTGGC CAGAGCACCTCAGGACCCT 
CACCAACCTGCXZAATGC TTCTGGCGTGAC AGAACAGAGAAATCAGGCAAGCTG GATTACA 
GGGCTTGCACXnxSTAGGACACAGGAGAGGGAAGGAAGCAGCGTTCTGGTGGCAGG^ 
CCTTAGGCACCACAAACTTGAGTTGGAAATTTTGCrGCTTG AAGCTTCAGCCC TGACCCT 
CTGCCCAGCATCCTTTA GAGTCTCCAACC TAAAGTATTCTT TATGTCCTTCCA GAAGTAC 
TGGCG TCATACTCAGGC TACCCGGCATGT GTCCCTGTGGTA CCCTGGCAGAGA AAGGGCC 
AATCTCATTCCCTGCTQ GCCAAAGTCAGC AGAAGAAQGTGA AGTTTOCCAGTTGCTTTAG 
TGATAGGGACTGCAGAC TCAAGCCTACAC TGGTACAAAGAC TGC6TCTTGA6A TAAACAA 
GAA 
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ATGGCTA6C ATGACTGGTGGA CAGCAAATGGGT CGCGGATCCACC CAGCACGGCATC CGG 
MAS MTGG QQMG RGS T Q H G I R 

CTGCCCCTG CGCAGCGGCCTG GQGGGCXKICCCC CTGGGGCTGCGG CTGCCCCGGGAG ACX 
IiPLRSGLGGAPIiGIiRIiPRET 

GACGAAGAG CCCGAGGAGCCTGGCCGGAGGGGCAGCTXTGTGGAGATGGTGGACAAC CFG 
D EE PBEPGRRGSFVEMVDNL 

AGGGGCAAG TCGGG6CAGGGC TACTAOGTGGAG ATGACCGTGGGC AGCCCCCXIXSCAG ACG 
R GK SGQGYYVEMTVG SPPQ T 

CTCAACATCCTGGTGGATACAGCKyVGCAGTAACTTTGCACnxS^ CCC 
L.NI liVDTGSSNFAVGAAPR P 

TTCCTGCAT CGCTACTACCAG AGGCAGCTGTCC AGCACRTACCGG GACCTCCQGAAG GGC 
FIiH RYYQRQLS STYRDLRKG 

GTGTATGTO CCCTACACCCAQ GGCAAQTGGGAA 3GGGAGCTGGGC ACCGACCTGGTA AGC 
VYVPYTQGKWEGBLGTDLVS 

ATCCCCCAT GGCX:CCAACGTC ACTGT6C6T6CC AACATTGCTGCC ATCACTGAATCA GAC 
IPH GPNVTVRANIAA IT'ES D 

AAGTTCrrC ATCAACXSGCTCX: AACTG6GAAGGC ATCCTGGGGCTG GCCTATGCTGAG ATT 
KFF INGSNWEG ILGLAYAE I 

GCCAGGCCT GAOGACTCCCTG GAGCCTTTCTTT GACTCTCTGGTA AAGCAGACCCAC QTl 
ARP DDSLBPFFDSIiVKOTHV 

CCCAACCTC TTCTCCCTGCAG CTTTGTGGTGCT GGCTTCCCCXTTC AACCAGTCTGAA GTG 
PNL FSLQLCGAGFPLWQS.E.V 

CTGGCCTCT GTCGGAGGGAGC ATGATCATTGGA GGTATCX3ACCAC TCGCTGTACACA GGC 
LAS VGGSMIIGGIDH SLYTG 

* AGTCTCI^TATACACCCATCCGGCGGGAGTGGTaTrATGAGGTCATCATTGTG^ 
SLWYTPI RREWYYEV IIVRV 

GAGATCAAT GGACAGGATCTG AAAATGGACTGC AAGGAGTACAAC TATQACAAGAGC ATT 
BIN GQDLKMDCKEYNYDKS I 

GTGGACAGTGGCACCACCAACCTTCXnTTGCCCAAGAAAGTGTTTGAAGCTC 
VDS GTTMLRLP KKVPEAA VK 

TCCATCAAG GCAGCCTCCTCC ACGGAGAAGTTCCCTGATGGTTTCTGGCTAGG^ 
SIKAASSTEKFPDGFWLGB»3 

CTGGTGTGC TGGCAAGCAGGC ACCACCXXHTOG AACATTTTCCCAGTCATCTCA^ 
liVC WQAGTTPWNIFPVISI* Y 

CTAATGGGT G AGGTTACCAAC CAGTCCTTCCGC ATCACCATCCTT CC6CAGCAATAC CTG 
LMGEVTNQSFRITIL PQQYL 


CXKSCXZAGTGG AAGATGTGGCCA CGTCCCAAGACG ACT6TTACAAGT TTGCXATCTCAC AG 
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FIGURE 7A 

ATGGCTAGC ATGACTGGTGGA CAGCAAATGGGT CGCGGATCGATG ACTATCTCTGAC TCT 
MASMTGGQQMGRGSMTISDS 

CCGCGTGAA CAGGACGGATCC ACCCAGCACGGC ATCCX^CTGCCC CTGCGCAGCC^ CTG 
' P R E Q D G S TQHGIRLPLRSGL 

GC3GGGCGCC CCCXn^GGCTG CGGCTGCCCC6G GAGACCGACGAAGAGCCCX3AGaAG CCC 
GGA PLGLRLPRETDE EPEB P 

GGCCGGAGG GGCAGCTTTGTG GAGATGGTGGAC AACCTGAGGGGC AAGTCGGGGCAG GGC 
G RR GSFV EMVDNLRG KSGQG 

TACTACGTGGAGATGACCGTGGGCAGCCCCCCG CAGACGCTCAACATCCTGGTGGAT ACA 
YYVEMTVGSPPQTLN IbVDT 

GGCAGCAGT AACTPTGCftGTGGCTXSCrGCCCCC CACXTCCTTCCTG CATCGCTACTAC CAG 
GSS NFAVGAAP HPFL HRYY Q 

AGGCAGCTG TCCA6CACATAC CGGGACCTCCGG AAGGGCGTGTAT GTGCCCTACACC CAG 
RQL SSTYRDLR KGVYVPYTQ 

GGCAAGTGG GAAG66GAGCTQ GGCACC6ACCTG GTAAGCATCCCC CATGGCCCCAAC GTC 
GKW EGBI* G TDbVSI P HGPN V 

ACTGTGCGT GCCAACATTGCT GCCATCACTGAA TCAGACAAGTTC TTCATCAACGGC TCC 
TVR ANIA AI TE S. D KF PING S 

7VACTGGG7VA GGCATCCTQGGG CTGGCCTATGCT GAGATTGCCAGG CCTGAC6ACTCC CTG 
NWE G IIiG LAYA BIAR PDDS Ii 

GAGCCTTTC TTTGACTCTCTG GTAAA6CAGACC CACGTTCCCAAC CTCTTCTCCCTG CAG 
EPFFDSLVKQTHVPNLFSIiQ 

CTTTGTGGT GCTGGCTTOCCC CTCAACCA6TCT GAAGTGCTGGCC TCTGTCGGAGGG AQC 
IiCGAGFP LNQ S EVLA SV6G S 

ATGATCATT GGA6GTATCGAC CACTCGCTGTAC ACAGGCAGTCTC TGGTATACRCCC ATC 
Mir GGIDHSIiYTGSLWYTP I 

CG6CGGGAG TGGTATTATGAG GTCATCATTGTG CQGGTGGAGATC AATGGACAGGAT CTG 
RRE MYYE VI IVRVBI N GQD L 

AAAATGGAC TGCAAGGAGXAC AACTATGACAAG AGCATTGTGGAC AGTGGCACCACC AAC 
KMD CKEY NYDK S IVD SGTT N 

CTTCGTTTG CCCAAGAAAGTG TTTGAAGCXGCR GTCAAATCCATC AAG6CAGCCTCC TCC 
LRL PKKV FBAAVKSI KAAS S 

ACGGAGAAG TTCCCTGATQGT ITCTGGCTAGGA GAGCA6CTGGTG TGCT6GCAAGCA GGC 
TS KFPDG FWLGEQLV CWQAG 

ACCACCCCTT GGAACATTTTCC CAGTCATCTCAC TCTACCTAATGG GTGAGGTTACCA AC 
TTPWNIFP VXS L YLMG EVTN 
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ATGACTCAGCRTGGTATTCGTCTGCC ACTGCGTAGCGG TCT6GGTGGTGC TCCACTGGGT 
MTQHGIR LPLRSGLGGAPLG 

CTGCGTCTGCCCCG GGAGACCGACGA AGAGCCCX3A6GA GCCCQGCCGGA6 GGGCAGCTTT 
LRLPRETDEEPEEPGRRGSF 

GTGGAGATGGTGGA CAACCTGAGG6G CAAGTCGGGGCA GGGCTACTACGT 6QAGATGACC 
VEMVDNLRGKS GQGYYVEMT 

GTGGGCAGCCCCCC GCAGACGCTCAA CATCCTGGTGGA TACAGGCAGCAG TAACTTTGCA 
VGSPPQTLWILVDTGSSNFA 

GTGGGTGCTGCCCC CCACCCCTTCCT 6CATC6CTACTA CCAGAGGCAGCT GTCCAGCACA 
VGAAPHPFLHRYYQRQLSST 

TACCGGGACCTCCG GAAGGGCGT6TA TGTGCCCTACAC CCAGGGCAAGTG GGAAGGGGAG 
YRDLRKGVYVPYTQGKWEGE 

CTGGGCACCX3ACCT GGTAAGCATCCC CCATGGCCCCAA CGTCACTGTGCG TGCCAACaTT 
LGTDIiVSIPHGPNVTVR ANI 

GCTGCCATCACTGA ATCAGACAAGTT CITCATCAACGG CTCCAACTQGGAAGGCATCCTG 
AAITESDKFFINGSNWEGIL 

GGGCTGGCCTATGC TGAGATTGCCAG GCCTGACGACTC CCTGGAGCCTTT CTTTGACTCT 
GLAYA EIAR PDD S LEPF FDS 

CT GGTAAAGCAGAC CCACGTTCCCAA CCTCTTCTCCXTT 6CAGCTTTGTGG TGCTGGCTTC 
LVKQT HVPNLFSLQLCGAGF 

CC CCTCAACCAGTC TGAAGTGCTGGC CTCTGTCGGAGG GAGCATGATCAT TGGAGGTATC 
PliNOSEVliASVGGSMIIGGI 

GACOICTCGCTGTACACAGGCAGTCT CTGffTATACACC CATCCGGC3GGAGTGGTATTAT 
DHSLYTGSIiWYTPIRRBWYY 

GAGGTCATCATTGT GCGGGTGGAGAT CAATGGACAGGA TCTGAAAATGGACTGCAAGGAG 
EVIIVRVEI NGQD.LKMDCKE 

TACAACTATGAC3\AGAGCATTGrGGACAGTG6CACCAC CAACCTTCGTTTGCCCAAGAAA 
YNYDKSIVDSGTTNLRIiPKK 

GTGirOXSAAGCXGCAGTCAAArCCarCMGGCaiGCCTC CTCCACGGAGAAGTTCCCTGAT 
VFEAAVKSIKA ASSTEKFPD 

GG TTTCTGGCTAGG AGAGCAGCTGGT GTGCTGGCAAGC AGGCACCACCCC TT6GAACATT 
GFWLGEQLVCWOAGTTPWN I 

TTCCCAGTCATCTC ACTCTACCTAATGGGTQAGGTTAC CAACCAGTCCTTTC6CATCACC 
FPVIS LY1.MGBVTNQSFRIT 

AT CCTTCCGCAGCA ATACCTGCGGCC AGTGGAAGATGT GGCCACX3TCXX!A AGAOSACTGT 
ILPQQYLRPVEDVATSQDDC 
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FIGURE 9 
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FIGURE 11 


MAQAIiPWLLIiWMGAGVLPAHG TQHGIRIiPLRSGLGGAPLGl/RIiPRETDEB 
PEEPGRRGSFVEMVDNliRGKSGQGYYVEMTVGSPPQTIiNILVDTGSSNFA 
VGAAPHPFLHRY YQRQLSSTYRDLRKGVYVPYTQGKWEGELGTDIiVS I PH 
GPNVTVRANIAAITESDKFFINGSNWBGILGliAYABIARPDDSLEPFFDS 
LVKQTHVPNLPSLQIiCGAGFPLNQSEVIiASVGGSMIIGGIDHSLYTGSLW 
YTPIRREWYYKVIIVRVBINGQDLKMDCKBYlJYDKSIVDSGTTNbRIiPKK 
VFEAAVKSIKAASSI^KPPIKSFP^EQIjVCWQAGTTPWNrFPVISLYU^G 
EVTNQSFRITILPQQYLRPVEDVATSQDDCYKFAISQSSTGTVMGAVIMB 
GFYWFDRARKRIGFAVSACHVHDEFRTAAVEGPFVTLDMEDCGYNI PQT 
DBS 


wo 01/50829 


PCT/IBOl/00799 


-1- 

SEQUENCE LISTING 


cllO> Beinkowski et al. 


<120> ALZHEIMER'S DISEASE SECRETASE, APP SUBSTRATES THEREFOR, AND USES 
THEREFOR 

<130> 28341/6280M2 

<140> 
<141> 

<150> 09/416,901 
<151> 1999-10-13 


<150> 60/155,493 
<151> 1999-09-23 

<150> 09/404,133 
<151> 1999-09-23 


<1S0> PCT/US99/20881 
<151> 1999-09-23 


<150> 60/101,594 
<151> 1998-09-24 

<:160> 73 


<170> Patentin Ver. 2.0 

<210> 1 
<211> 1804 
<212> DKA 

<213> Homo sapiens 
<400> 1 

atgggcgcac tggcccgggc gctgctgctg 
gccccggagc tggcccccgc gcccttcacg 
cgcgtagttg cgcccacccc gggacccggg 
gcgctcgccc tggagcctgc cctggcgtcc 
gtagacaacc tgcaggggga ctctggccgc 
cccccgcaga agctacagat tctcgttgac 
accccgcact cctacataga cacgtacttt 
aagggctttg acgtcacagt gaagtacaca 
gacctcgtca ccatccccaa aggcttcaat 
tttgaatcag agaatttctt tttgcctggg 
tatgccacac ttgccaagcc atcaagttct 
caagcaaaca tccccaacgt tttctccatg 
ggatctggga ccaacggagg tagtcttgtc 
ggagacatct ggt at acccc tattaaggaa 
ttggaaattg gaggccaaag ccttaatctg 
atcgtggaca gtggcaccac gctgctgcgc 
gaagctgtgg cccgcgcatc tctgattcca 
cagctggcgt gctggacgaa ttcggaaaca 
tacctgagag atgagaactc cagcaggtca 
attcagccca tgatgggggc cggcctgaat 
tccacaaatg cgctggtgat cggtgccacg 
agagcccaga agagggtggg cttcgcagcg 
gtgtctgaaa tttccgggcc tttctcaaca 
cagtctttga gcgagcccat tttgtggatt 
gccatcctcc ttgtcttaat cgtcctgctg 


cctctgctgg cccagtggct cccgcgcgcc- 60 
ctgcccctcc gggtggccgc ggccacgaac 120 
acccctgccg agcgccacgc cgacggcttg 180 
cccgcgggcg ccgccaactt cttggccatg 240 
ggctactacc tggagatgct gatcgggacc 300 
actggaagca gtaactttgc cgtggcagga 360 
gacacagaga ggtctagcac ataccgctcc 420 
caaggaagct ggacgggctt cgttggggaa 480 
acttcttttc ttgtcaacat tgccactatt 540 
attaaatgga atggaatact tggcctagct 600 
ctggagacct tcttcgactc cctggtgaca 660 
cagatgtgtg gagccggctt gcccgttgct 720 
ttgggtggaa ttgaaccaag tttgtataaa 780 
gagtggtact accagataga aattctgaaa 840 
gactgcagag agtataacgc agacaaggcc 900 
ctgccccaga aggtgtttga tgcggtggtg 960 
gaattctctg atggtttctg gactgggtcc 1020 
ccttggtctt acttccctaa aatctccatc 1080 
ttccgtatca caatcctgcc tcagctttac 1140 
tatgaatgtt accgattcgg catttcccca 1200 
gtgatggagg gcttctacgt catcttcgac 1260 
agcccctgtg cagaaattgc aggtgctgca 1320 
gaggatgtag ccagcaactg tgtccccgct 1380 
gtgtcctatg cgctcatgag cgtctgtgga 1440 
ctgctgccgt tccggtgtca gcgtcgcccc 1500 
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Ser Leu Tyr Lys Gly Asp He Trp Tyr Thr Pro He Lys Glu Glu Trp 
260 265 270 

Tyr Tyr Gin He Glu He Leu Lys Leu Glu Tie Gly Gly Gin Ser Leu 
275 280 285 

Asn Leu Asp Cys Arg Glu Tyr Asn Ala Asp Lys Ala He Val TVsp Ser 
290 295 300 

Gly Thr Thr Leu Leu Arg Leu Pro Gin Lys Val Phe Asp Ala Val Val 
^05 310 315 320 

Glu Ala Val Ala Arg Ala Ser Leu He Pro Glu Phe ser Asp Gly Phe 
325 330 335 

Trp Thr Gly Ser Gin Leu Ala Cys Trp Thr Asn Ser Glu Thr Pro Trp 
340 345 350 

Ser Tyr Phe Pro Lys He Ser He Tyr Leu Arg Asp Glu Asn Ser Ser 
355 360 365 

Arg Ser Phe Arg He Thr He Leu Pro Gin Leu Tyr He Gin Pro Met 
370 375 380 

Met Gly Ala Gly Leu Asn Tyr Glu Cys Tyr Arg Phe Gly He Ser Pro 
385 390 395 400 

Ser Thr Asn Ala Leu Val He Gly Ala Thr Val Met Glu Gly Phe Tyr 
405 410 415 

Val He Phe Asp Arg Ala Gin Lys Arg Val Gly Phe Ala Ala Ser Pro 
420 425 430 

Cys Ala Glu He Ala Gly Ala Ala Val Ser Glu He Ser Gly Pro Phe 
435 440 445 

Ser Thr Glu Asp Val Ala Ser Asn Cys Val Pro Ala Gin Ser Leu Ser 
450 455 460 


Glu Pro He Leu Trp He Val Ser Tyr Ala Leu Met Ser Val Cys Gly 
465 470 475 480 

Ala He Leu Leu Val Leu He Val Leu Leu Leu Leu Pro Phe Arg Cys 
485 490 495 

Gin Arg Arg Pro Arg Asp Pro Glu Val Val Asn Asp Glu *Ser Ser Leu 
500 505 510 

Val Arg His Arg Trp Lys 
515 


<210> 3 

<211> 2070 

<212> DMA 

<213> Hcono sapiens 

<400> 3 

atggcccaag ccctgccctg gctcctgctg tggatgggcg cgggagtgct gcctgcccac 60 
ggcacccagc acggcatccg gctgcccctg cgcagcggcc tggggggcgc ccccctgggg 120 
ctgcggctgc cccgggagac cgacgaagag cccgaggagc ccggccggag gggcagcttt 180 
gtggagatgg tggacaacct gaggggcaag tcggggcagg gctactacgt ggagatgacc 240 
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Tyr Val Pro Tyr Thr Gin Gly Lys Trp Glu Gly Glu I*eu Gly Thr Asp 
130 135 140 

Leu Val Ser lie Pro His Gly Pro Asn Val Thr Val Arg Ala Asn lie 
145 150 - 155 160 

Ala Ala He Thr Glu Ser Asp Lys Phe Phe He Asn Gly Ser Asn Trp 
165 170 175 

Glu Gly lie Leu Gly Leu Ala Tyr Ala Glu lie Ala Arg Pro Asp Asp 
180 185 190 

Ser Leu Glu Pro Phe Phe Asp Ser Leu Val Lys Gin Thr His Val Pro 
195 200 205 

Asn Leu Phe Ser Leu His Leu Cys Gly Ala Gly Phe Pro Leu Asn Gin 
210 215 220 

Ser Glu Val Leu Ala Ser Val Gly Gly Ser Met He He Gly Gly He 
225 230 235 240 

Asp His Ser Leu Tyr Thr Gly Ser Leu Trp Tyr Thr Pro He Arg Arg 
245 250 255 

Glu Trp Tyr Tyr Glu Val He He Val Arg Val Glu He Asn Gly Gin 
260 265 270 

Asj> Leu Lys Met Asp Cys Lys Glu Tyr Asn Tyr Asp Lys Ser He Val 
275 280 285 

Asp Ser Gly Thr Thr Asn Leu Arg Leu Pro Lys Lys Val Phe Glu Ala 
290 295 300 

Ala Val Lys Ser He Lys Ala Ala Ser Ser Thr Glu Lys Phe Pro Asp 
305 310 315 320 

Gly Phe Trp Leu Gly Glu Gin Leu Val cys Trp Gin Ala Gly Thr Thr 
325 330 335 

Pro Trp Asn He Phe Pro Val He Ser Leu Tyr Leu Met Gly Glu Val 
340 345 • 350 

Thr Asn Gin Ser Phe Arg He Thr He Leu Pro Gin Gin Tyr Leu Arg 
355 360 365 

Pro Val Glu Asp Val Ala Thr Ser Gin Asp Asp Cys Tyr Lys Phe Ala 
370 375 380 

He Ser Gin Ser Ser Thr Gly Thr Val Met Gly Ala Val He Met Glu 
385 390 395 400 

Gly Phe Tyr Val Val Phe Asp Arg Ala Arg Lys Arg He Gly Phe Ala 
405 410 415 

Val Ser Ala Cys His Val His Asp Glu Phe Arg Thr Ala Ala Val Glu 
420 425 430 


Gly Pro Phe Val Thr Leu Asp Met Glu Asp cys Gly Tyr Asn He Pro 
435 440 445 

Gin Thr Asp Glu Ser Thr Leu Met Thr He Ala Tyr Val Met Ala Ala 
450 455 460 
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Gly Leu Gly Gly Ala Pro Leu Gly Leu Arg Leu Pro Arg Glu Thr Asp 
35 40 45 

Glu Glu Pro Glu Glu Pro Gly Arg Arg Gly Ser Phe Val Glu Met Val 
50 55 60 

Asp Asn Leu Arg Gly Lys Ser Gly Gin Gly Tyr Tyr val Glu Met Thr 
65 70 75 80 

Val Gly Ser Pro Pro Gin Thr Leu Asn lie Leu Val Asp Thr Gly Ser 
85 90 95 

Ser Asn Phe Ala Val Gly Ala Ala Pro His Pro Phe Leu His Arg Tyr 
100 105 110 

Tyr Gin Arg Gin Leu Ser Ser Thr Tyr Arg Asp Leu Arg Lys Gly Val 
115 120 125 

Tyr Val Pro Tyr Thr Gin Gly Lys Trp Glu Gly Glu Leu Gly Thr Asp 
130 135 140 

Leu Val Ser lie Pro His Gly Pro Asn Val Thr Val Arg Ala Asn lie 
145 150 155 160 

Ala Ala lie Thr Glu Ser Asp Lys Phe Phe He Asn Gly Ser Asn Trp 
165 170 175 

Glu Gly He Leu Gly Leu Ala Tyr Ala Glu He Ala Arg Leu Cys Gly 
180 185 * 190 

Ala Gly Phe Pro Leu Asn Gin Ser Glu Val Leu Ala Ser Val Gly Gly 
195 . 200 205 

Ser Met He He Gly Gly He Asp His Ser Leu Tyr Thr Gly Ser Leu 
210 215 220 

Trp Tyr Thr Pro He Arg Arg Glu Trp Tyr Tyr Glu Val He He Val 
225 230 235 240 

Arg Val Glu He Asn Gly Gin Asp Leu Lys Met Asp Cys Lys Glu Tyr 
245 250 255 

Asn Tyr Asp Lys Ser He Val Asp Ser Gly Thr Thr Asn Leu Arg Leu 
260 265 270 

Pro Lys Lys Val Phe Glu Ala Ala Val Lys Ser He Lys Ala Ala Ser 
275 280 285 

Ser Thr Glu Lys Phe Pro Asp Gly Phe Trp Leu Gly Glu Gin Leu Val 
290 295 300 

Cys Trp Gin Ala Gly Thr Thr Pro Trp Asn He Phe Pro Val He Ser 
305 310 315 320 

Leu Tyr Leu Met Gly Glu Val Thr Asn Gin Ser Phe Arg He Thr He 
325 330 335 

Leu Pro Gin Gin Tyr Leu Arg Pro Val Glu Asp Val Ala Thr Ser Gin 
340 345 350 

Asp Asp Cys Tyr Lys Phe Ala He Ser Gin Ser Ser Thr Gly Thr Val- 
355 360 365 
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<210> 8 

<211> 501 

<212> PRT 

<213> Mus musculus 

<400> 8 

Met Ala Pro Ala Leu His Trp Leu Leu Leu frp Val Gly Ser Gly Met 
1 5 10 15 

Leu Pro Ala Gin Gly Thr His Leu Gly He Arg Leu Pro Leu Arg Ser 
20 25 30 

Gly Leu Ala Gly Pro Pro Leu Gly Leu Arg Leu Pro Arg Glu Thr Asp 
35 40 45 

Glu Glu Ser Glu Glu Pro Gly Arg Arg Gly Ser Phe Val Glu Met Val 
50 55 60 

Asp Asn Leu Arg Gly Lys Ser Gly Gin Gly Tyr Tyr Val Glu Met Thr 
65 70 75 80 

Val Gly Ser Pro Pro Gin Thr Leu Asn He Leu Val Asp Thr Gly Ser 
35 90 95 

Ser Asn Phe Ala Val Gly Ala Ala Pro His Pro Phe Leu His Arg Tyr 
100 105 110 

Tyr Gin Arg Gin Leu Ser Ser Thr Tyr Arg Asp Leu Arg Lys Gly Val 
115 120 125 

Tyr Val Pro Tyr Thr Gin Gly Lys Trp Glu Gly Glu Leu Gly Thr Asp 
130 135 140 

Leu Val Ser He Pro His Gly Pro Asn Val Thr Val Arg Ala Asn He 
145 150 155 160 

Ala Ala He Thr Glu Ser Asp Lys Phe Phe He Asn Gly Ser Asn Trp 
165 170 175 

Glu Gly He Leu Gly Leu Ala Tyr Ala Glu lie Ala Arg Pro Asp Asp 
180 185 190 

Ser Leu Glu Pro Phe Phe Asp Ser Leu Val Lys Gin Thr His He Pro 
195 200 ' 205 

Asn He Phe Ser Leu Gin Leu Cya Gly Ala Gly Phe Pro Leu Asn Gin 
210 215 220 

Thr Glu Ala Leu Ala Ser Val Gly Gly Ser Met He He Gly Gly He 
225 230 235 240 

Asp His Ser Leu Tyr Thr Gly Ser Leu Trp Tyr Thr Pro He Arg Arg 
245 250 255 

Glu Trp Tyr Tyr Glu Val He He Val Arg Val Glu HevAsn Gly Gin 
260 265 270 

Asp Leu Lys Met Asp Cys Lys Glu Tyr Asn Tyr Asp Lys Ser He Val 
275 280 285 

Asp Ser Gly Thr Thr Asn Leu Arg Leu Pro Lys Lys Val Phe Glu Ala 
290 295 300 
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gcagaacgtc aagcaaagaa cttgcctaaa gctgataaga aggcagttat ccagcatttc 1080 
caggagaaag tggaatcttt ggaacaggaa gcagccaacg agagacagca gctggtggag 1140 
acacacatgg ccagagtgga agccatgctc aatgaccgcc gccgcctggc cctggagaac 1200 
tacatcaccg ctctgcaggc tgttcctcct cggcctcgtc acgtgttcaa tatgctaaag 1260 
aagtatgtcc gcgcagaaca gaaggacaga cagcacaccc taaagcattt cgagcatgtg 1320 
cgcatggtgg atcccaagaa agccgctcag atccggtccc aggttatgac acacctccgt 1380 
gtgatttatg agcgcatgaa tcagtctctc tccctgctct acaacgtgcc tgcagtggcc 1440 
gaggagattc aggatgaagt tgatgagctg cttcagaaag agcaaaacta ttcagatgac 1500 
gtcttggcca acatgattag tgaaccaagg atcagttacg gaaacgatgc tctcatgcca 1560 
tctttgaccg aaacgaaaac caccgtggag ctccttcccg tgaatggaga gttcagcctg 1620 
gacgatctcc agccgtggca ttcttttggg gctgactctg tgccagccaa cacagaaaac 1680 
gaagttgagc ctgttgatgc ccgccctgct gccgaccgag gactgaccac tcgaccaggt 1740 
tctgggttga caaatatcaa gacggaggag atctctgaag tgaagatgga tgcagaattc 1800 
cgacatgact caggatatga agttcatcat caaaaattgg tgttctttgc agaagatgtg 1860 
ggttcaaaca aaggtgcaat cattggactc atggtgggcg gtgttgtcat agcgacagtg 1920 
atcgtcatca ccttggtgat gctgaagaag aaacagtaca catccattca tcatggtgtg 1980 
gtggaggttg acgccgctgt caccccagag gagcgccacc tgtccaagat gcagcagaac 2040 
ggctacgaaa atccaaccta caagttcttt gagcagatgc agaactag 2088 

<210> 10 
<211> 695 
<212> PRT 

<213> Homo saplenB 
<400> 10 

Met Leu Pro Gly Leu Ala Leu Leu Leu Leu Ala Ala Trp Thr Ala Arg 
15 10 15 

Ala Leu Glu Val Pro Thr Asp Gly Asn Ala Gly Leu Leu Ala Glu Pro 
20 25 30 

Gin lie Ala Met Phe Cys Gly Arg Leu Asn Met His Met Asn Val Gin 
35 40 45 

Asn Gly Lys Trp Asp Ser Asp Pro Ser Gly Thr Lys Thr Cys He Asp 
50 55 60 

Thr Lys Glu Gly He I^u Gin Tyr Cys Gin Glu Val Tyr Pro Glu Leu 
65 70 75 80 

Gin He Thr Asn Val Val Glu Ala Asn Gin Pro Val Thr He Gin Aen 
85 90 95 

Trp'^Cys Lys Arg Gly Arg Lys Gin Cys Lys Thr His Pro His Phe Val 
100 105 110 

He Pro Tyr Arg Cys Leu Val Gly Glu Phe Val Ser Asp Ala Leu Leu 
115 120 ^ 125 

Val Pro Asp Lys Cys Lys Phe Leu His Gin Glu Arg Met Asp Val Cys 
130 135 140 


Glu Thr His Leu His Trp His Thr Val Ala Lys Glu Thr cys Ser Glu 
145 150 155 160 

Lys Ser Thr Asn Leu His Asp Tyr Gly Met Leu Leu Pro Cys Gly He 
165 170 175 

Asp Lys Phe Arg Gly Val Glu Phe Val Cys Cys Pro Leu Ala Glu Glu 
180 185 190 
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Tyr Gly Asn Asp Ala Leu Met Pro Ser Leu Thr Glu Thr Lys Thr Thr 
515 520 525 

Val Glu Leu Leu Pro Val Asn Gly Glu Phe Ser Leu Asp Asp Leu Gin 
530 535 540 

Pro Trp His Ser Phe Gly Ala Asp Ser Val Pro Ala Asn Thr Glu Aan 
545 550 555 " 560 

Glu Val Glu Pro Val Asp Ala Arg Pro Ala Ala Asp Arg Gly Leu Thr 
565 570 575 

Thr Arg Pro Gly Ser Gly Leu Thr Asn lie Lys Thr Glu Glu lie Ser 
580 585 590 


Glu Val Lys Met Asp Ala Glu Phe Arg His Asp Ser Gly Tyr Glu Val 
595 600 605 

His His Gin Lys Leu Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys 
610 615 620 

Gly Ala He He Gly Leu Met Val Gly Gly Val Val He Ala Thr Val 
625 630 635 640 

He Val He Thr Leu Val Met Leu Lys Lys Lys Gin Tyr Thr Ser He 
645 650 655 

His His Gly Val Val Glu Val Asp Ala Ala Val Thr Pro Glu Glu Arg 
660 665 670 

His Leu Ser Lys Met Gin Gin Asn Gly Tyr Glu Asn Pro Thr Tyr Lys 
675 680 685 

Phe Phe Glu Gin Met Gin Asn 
690 695 


<210> 11 
<211> 2088 
<212> DKA 

<213> Homo sapiens 
<400> 11 

atgctgcccg gtttggcact gctcctgctg gccgcctgga cggctcgggc gctggaggta 60 
cccactgatg gtaatgctgg cctgctggct gaaccccaga ttgccatgtt ctgtggcaga 120 
ctgaacatgc acatgaatgt ccagaatggg aagtgggatt cagatccatc agggaccaaa 180 
acctgcattg ataccaagga aggcatcctg cagtattgcc aagaagtcta ccctgaactg 240 
cagatcacca atgtggtaga agccaaccaa ccagtgacca tccagaactg gtgcaagcgg 300 
ggccgcaagc agtgcaagac ccatccccac tttgtgattc cctaccgctg cttagttggt 360 
gagtttgtaa gtgatgccct tctcgttcct gacaagtgca aattcttaca ccaggagagg 420 
atggatgttt gcgaaactca tcttcactgg cacaccgtcg ccaaagagac atgcagtgag 480 
aagagtacca acttgcatga ctacggcatg ttgctgccct gcggaattga caagttccga 54 0 
ggggtagagt ttgtgtgttg cccactggct gaagaaagtg acaatgtgga ttctgctgat 600 
gcggaggagg atgactcgga tgtctggtgg ggcggagcag acacagacta tgcagatggg 660 
agtgaagaca aagtagtaga agtagcagag gaggaagaag tggctgaggt ggaagaagaa 720 
gaagccgatg atgacgagga cgatgaggat ggtgatgagg tagaggaaga ggctgaggaa 780 
ccctacgaag aagccacaga gagaaccacc agcattgcca ccaccaccac caccaccaca 840 
gagtctgtgg aagaggtggt tcgagttcct acaacagcag ccagtacccc tgatgccgtt 900 
gacaagtatc tcgagacacc tggggatgag aatgaacatg cccatttcca gaaagccaaa 960 
gagaggcttg aggccaagca ccgagagaga atgtcccagg tcatgagaga atgggaagag 102O 
gcagaacgtc aagcaaagaa cttgcctaaa gctgataaga aggcagttat ccagcatttc XOao 
caggagaaag tggaatcttt ggaacaggaa gcagccaacg agagacagca gctggtggag 1140 
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Trp Trp Gly'Gly Ala Asp Thr Asp Tyr Ala Asp Gly Ser Glu Asp Lys 
210 215 220 

Val Val Glu Val Ala Glu Glu Glu Glu Val Ala Glu Val Glu Glu Glu 
225 230 235 240 

Glu Ala Asp Asp Asp Glu Asp Asp Glu Asp Gly Asp Glu Val Glu Glu 
245 250- 255 

Glu Ala Glu Glu Pro Tyr Glu Glu Ala Thr Glu Arg Thr Thr Ser lie 
260 265 270 

Ma Thr Thr Thr Thr Thr Thr Thr Glu Ser Val Glu Glu Val Val Arg 
275 280 285 

Val Pro Thr Thr Ala Ala Ser Thr Pro Asp Ala Val Asp Lys Tyr Leu 
290 295 300 

Glu Ihr Pro Gly Asp Glu Asn Glu His Ala His Phe Gin Lys Ala Lys 
305 310 315 320 

Glu Arg Leu Glu Ala Lys His Arg Glu Arg Met Ser Gin Val Met Arg 
325 330 335 

Glu Trp Glu Glu Ala Glu Arg Gin Ala Lys Asn Leu Pro Lys Ala Asp 
340 345 350 

Lys Lys Ala Val He Gin His Phe Gin Glu Lys Val Glu Ser Leu Glu 
355 360 365 

Gin Glu Ala Ala Asn Glu Arg Gin Gin Leu Val Glu Thr His Met Ala 
370 375 380 

Arg Val Glu Ala Met Leu Asn Asp Arg Arg Arg Leu Ala Leu Glu Asn 
385 390 395 400 

Tyr He Thr Ala Leu Gin Ala Val Pro Pro Arg Pro Arg His Val Phe 
405 410 415 

Asn Met Leu Lys Lys Tyr Val Arg Ala Glu Gin Lys Asp Arg Gin His 
420 425 430 

Thr Leu Lys His Phe Glu His Val Arg Met Val Asp Pro Lys Lys Ala 
435 440 445 

Ala Gin He Arg Ser Gin Val Met Thr His Leu Arg Val He Tyr Glu 
450 455 460 

Arg Met Asn Gin Ser Leu Ser Leu Leu Tyr Asn Val Pro Ala Val Ala 
465 470 475 480 

Glu Glu He Gin Asp Glu Val Asp Glu Leu Leu Gin Lys Glu Gin Asn 
485 490 495 


Tyr Ser Asp Asp Val Leu Ala Asn Met He Ser Glu Pro Arg He Ser 
500 505 510 

Tyr Gly Asn Asp Ala Leu Met Pro Ser Leu Thr Glu Thr Lys Thr Thr 
515 520 525 

Val Glu Leu Leu Pro Val Asn Gly Glu Phe Ser Leu Asp Asp Leu Gin 
530 535 540 
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tctttgaccg aaacgaaaac caccgtggag ctccttcccg tgaatggaga gttcagcctg 1620 
gacgatctcc agccgtggca ttcttttggg gctgactctg tgccagccaa cacagaaaac 1680 
gaagttgagc ctgttgatgc ccgccctgct gccgaccgag gactgaccac tcgaccaggt 1740 
tctgggttga caaatatcaa gacggaggag atctctgaag tgaagatgga tgcagaattc 1800 
cgacatgact caggatatga agttcatcat caaaaattgg tgttctttgc agaagatgtg 1860 
ggttcaaaca aaggtgcaat cattggactc atggtgggcg gtgttgtcat agcgacagtg 1920 
atcttcatca ccttggtgat gctgaagaag aaacagtaca catccattca tcatggtgtg 1980 
gtggaggttg acgccgctgt caccccagag gagcgccacc tgtccaagat gcagcagaac 2040 
ggctacgaaa atccaaccta caagttcttt gagcagatgc agaactag 2088 

<210> 14 
<211> 695 
<212> PRT 

<213> Homo sapiens 
<400> 14 

Met Leu Pro Gly Leu Ala Leu Leu Lpu Leu Ala Ala Trp Thr Ala Arg 
1 5 10 15 

Ala Leu Glu Val Pro Thr Asp Gly Asn Ala Gly Leu Leu Ala Glu Pro 
20 25 30 

Gin He Ala Met Phe Cys Gly Arg Leu Asn Met His Met Asn Val Gin 
35 40 45 

Asn Gly Lys Trp Asp Ser Asp Pro Ser Gly Thr Lys Thr Cys He Asp 
50 55 60 

Thr Lys Glu Gly lie Leu Gin Tyr Cys Gin Glu Val Tyr Pro Glu Leu 
65 70 75 80 

Gin He Thr Asn Val Val Glu Ala Asn Gin Pro Val Thr He Gin Asn 
85 90 95 

Trp Cys Lys Arg Gly Arg Lys Gin Cys Lys Thr His Pro His Phe Val 
100 105 110 


He Pro Tyr Arg Cys Leu Val Gly Glu Phe Val Ser Asp Ala Leu Leu 
115 120 125 

Val Pro Asp Lys Cys Lys Phe Leu His Gin Glu Arg Met Asp Val Cys 
130 135 140 

Glu Thr His Leu His Trp His Thr Val Ala Lys Glu Thr Cys Ser Glu 
145 150 155 160 

Lys Ser Thr Asn Leu His Asp Tyr Gly Met Leu Leu Pro Cys Gly He 
165 170 175 

Asp Lys Phe Arg Gly Val Glu Phe Val Cys Cys Pro Leu Ala Glu Glu 
180 185 190 

Ser Asp Asn Val Asp Ser Ala Asp Ala Glu Glu Asp Asp Ser Asp Val 
195 200 205 

Trp Trp Gly Gly Ala Asp Thr Asp Tyr Ala Asp Gly Ser Glu Asp Lys 
210 215 220 

Val Val Glu Val Ala Glu Glu Glu Glu Val Ala Glu Val Glu Glu Glu 
225 230 235 240 


I 
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Glu Val Glu Pro Val Asp Ala Arg Pro Ala Ala Asp Arg Gly i,eu Thr 
565 570 575 

Thr Arg Pro Gly Ser Gly Leu Thr Asn lie Lys Thr Glu Glu lie Ser 
580 585 590 

Glu Val Iiys Met Asp Ala Glu Phe Arg His Asp Ser Gly Tyr Glu Val 
595 600 605 

His His Gin Lys Leu Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys 
610 615 620 

Gly Ala He He Gly Leu Met Val Gly Gly Val Val He /Qa Thr Val 
625 630 635 640 

He Phe He Thr Leu Val Met Leu Lys Lys Lys Gin Tyr Thr Ser He 
645 650 655 

His His Gly Val Val Glu Val Asp Ala Ala Val Thr Pro Glu Glu Arg 
650 665 670 

His Leu Ser Lys Met Gin Gin Asn Gly Tyr Glu Asn Pro Thr Tyr Lys 
675 680 685 

Phe Phe Glu Gin Met Gin Asn 
690 695 


<210> 15 
<211> 2094 
<212> DMA 

<213> Homo sapiens 
<400> 15 

atgctgcccg gtttggcact gctcctgctg gccgcctgga cggctcgggc gctggaggta 60 
cccactgatg gtaatgctgg cctgctggct gaaccccaga ttgccatgtt ctgtggcaga 120 
ctgaacatgc acatgaatgt ccagaatggg aagtgggatt cagatccatc agggaccaaa 180 
acctgcattg ataccaagga aggcatcctg cagtattgcc aagaagtcta ccctgaactg 240 
cagatcacca atgtggtaga agccaaccaa ccagtgacca tccagaactg gtgcaagcgg 300 
ggccgcaagc agtgcaagac ccatccccac tttgtgattc cctaccgctg cttagttggt 360 
gagtttgtaa gtgatgccct tctcgttcct gacaagtgca aattcttaca ccaggagagg 420 
atggatgttt gcgaaactca tcttcactgg cacaccgtcg ccaaagagac atgcagtgag 480 
aagagtacca acttgcatga ctacggcatg ttgctgccct gcggaattga caagttccga 540 
ggggtagagt ttgtgtgttg cccactggct gaagaaagtg acaatgtgga ttctgctgat 600 
gcggaggagg atgactcgga tgtctggtgg ggcggagcag acacagacta tgcagatggg 660 
agtgaagaca aagtaghaga agtagcagag gaggaagaag tggctgaggt ggaagaagaa 720 
gaagccgatg atgacgagga cgatgaggat ggtgatgagg tagaggaaga ggctgaggaa 780 
ccctacgaag aagccacaga gagaaccacc agcattgcca ccaccaccac caccaccaca 840 
gagtctgtgg aagaggtggt tcgagttcct acaacagcag ccagtacccc tgatgccgtt 900 
gacaagtatc tcgagacacc tggggatgag aatgaacatg cccatttcca gaaagccaaa 960 
gagaggcttg aggccaagca ccgagagaga atgtcccagg tcatgagaga atgggaagag 1020 
gcagaacgtc aagcaaagaa cttgcctaaa gcCgataaga aggcagttat ccagcatttc 1080 
caggagaaag tggaatcttt ggaacaggaa gcagccaacg agagacagca gctggtggag 1140 
acacacatgg ccagagtgga agccatgctc aatgaccgcc gccgcctggc cctggagaac 1200 
tacatcaccg ctctgcaggc tgttcctcct cggcctcgfcc acgtgttcaa tatgctaaag 1260 
aagtatgtcc gcgcagaaca gaaggacaga cagcacaccc taaagcattt cgagcatgtg 1320 
cgcatggtgg atcccaagaa agccgctcag atccggtccc aggttatgac acacctccgt 1380 
gtgatttatg agcgcatgaa tcagtctctc tccctgctct acaacgtgcc tgcagtggcc 1440 
gaggagattc aggatgaagt tgatgagctg cttcagaaag agcaaaacta ttcagatgac 1500 
gtcttggcca acatgattag tgaaccaagg atcagttacg gaaacgatgc tctcatgcca 1560 
tctttgaccg aaacgaaaac caccgtggag ctccttcccg tgaatggaga gttcagcctg 1620 
gacgatctcc agccgtggca ttcttttggg gctgactctg tgccagccaa cacagaaaac 1680 
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Glu Ala Glu Glu Pro Tyr Glu Glu Ala Thr Glu Arg Thr Thr Ser He 
260 265 270 

Ala Hir Thr Thr Thr Thr Thr Thr Glu Ser Val Glu Glu Val Val Arg 
275 280 285 


Val Pro Thr Thr Ala Ala Ser Thr Pro Asp Ala Val Asp Lys Tyr teu 
290 295 300 


Glu Thr Pro Gly Asp Glu Asn Glu His Ala His Phe Gin Lys Ala Lys 
305 310 315 320 

Glu Arg Leu Glu Ala Lys His Arg Glu Arg Met Ser Gin Val Met Arg 
325 330 335 

Glu Trp Glu Glu Ala Glu Arg Gin Ala Lys Asn Leu Pro Lys Ala Asp 
340 345 350 

Lys Lys Ala Val He Gin His Phe Gin Glu Lys Val Glu Ser Leu Glu 
355 360 365 

Gin Glu Ala Ala Asn Glu Tirg Gin Gin Leu Val Glu Thr His Met Ala 
370 375 380 

Arg Val Glu Ala Met Leu Asn Asp Arg Arg Arg Leu Ala Leu Glu Asn 
385 390 395 400 

Tyr He Thr Ala Leu Gin Ala Val Pro Pro Arg Pro Arg His Val Phe 
405 410 415 

Asn Met Leu Lys Lye Tyr Val Arg Ala Glu Gin Lys Asp Arg Gin His 
420 425 430 

Thr Leu Lys His Phe Glu His Val Arg Met Val Asp Pro Lys Lys Ala 
435 440 445 

Ala Gin He Arg Ser Gin Val Met Thr His Leu Arg Val He Tyr Glu 
450 455 460 

Arg Met Asn Gin Ser Leu Ser Leu Leu Tyr Asn Val Pro Ala Val Ala 
465 470 475 480 

Glu Glu He Gin Asp Glu Val Asp Glu Leu Leu Gin Lys Glu Gin Asn 
485 490 495 

Tyr Ser Asp Asp Val Leu Ala Asn Met He Ser Glu Pro Arg lie Ser 
500 505 510 

Tyr Gly Asn Asp Ala Leu Met Pro Ser Leu Thr Glu Thr Lys Thr Thr 
515 520 525 


Val Glu Leu Leu Pro Val Asn Gly Glu Phe Ser Leu Asp Asp Leu Gin 
530 535 540 

Pro Trp His Ser Phe Gly Ala Asp Ser Val Pro Ala Asn Thr Glu Asn 
545 550 . 555 560 

Glu Val Glu Pro Val Asp Ala Arg Pro Ala Ala Asp Arg Gly Leu Thr 
565 570 575 
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cgacatgact caggatatga agttcatcat caaaaattgg tgttctttgc agaagatgtg 1860 
ggttcaaaca aaggtgcaat cattggactc atggtgggcg gtgttgtcat agcgacagtg 1920 
atcgtcatca ccttggtgat gctgaagaag aaacagtaca catccattca tcatggtgtg 1980 
gtggaggttg acgccgctgt caccccagag gagcgccacc tgtccaagat gcagcagaac 2040 
ggctacgaaa atccaaccta caagttcttt gagcagatgc agaacaagaa gtag 2094 

c210> 18 

<211> 697 

<212> PRT 

<213> Homo sapiens 

<400> 18 

Met Leu Pro Gly Leu Ala Leu Leu Leu Leu Ala Ala Trp Thr Ala Arg 
15 10 15 

Ala Leu Glu Val Pro Thr Asp Gly Asn Ala Gly Leu Leu Ala Glu Pro 
20 25 30 

Gin He Ala Met Phe Cys Gly Arg Leu Asn Met His Met Asn Val Gin 
35 40 45 

Asn Gly Lys Trp Asp Ser Asp Pro Ser Gly Thr Lys Thr Cys He Asp 
50 55 60 

Thr Lys Glu Gly He Leu Gin Tyr Cys Gin Glu Val Tyr Pro Glu Leu 
65 70 75 80 

Gin He Thr Asn Val Val Glu Ala Asn Gin Pro Val Thr He Gin Asn 
85 90 95 

Trp Cys Lys Arg Gly Arg Lys Gin Cys Lys Thr His Pro His Phe Val 
100 105 110 

He Pro Tyr Arg Cys Leu Val Gly Glu Phe Val Ser Asp Ala Leu Leu 
115 120 125 

Val Pro Asp Lys Cys Lys Phe Leu His Gin Glu Arg Met Asp Val Cys 
130 135 140 

Glu Thr His Leu His Trp His Thr Val Ala Lys Glu Thr Cys Ser Glu 
145 150 155 160 

Lys Ser Thr Asn Leu His Asp Tyr Gly Met Leu Leu Pro Cys Gly He 
165 170 175 

Asp Lys Phe Arg Gly Val Glu Phe Val Cys Cys Pro Leu Ala Glu Glu 
180 185 190 

Ser Asp Asn Val Asp Ser Ala Asp Ala Glu Glu Asp Asp Ser Asp Val 
195 200 205 


Trp Trp Gly Gly Ala Asp Thr Asp Tyr Ala Asp Gly Ser Glu Asp Lys 
210 215 220 

Val Val Glu Val Ala Glu Glu Glu Glu Val Ala Glu Val Glu Glu Glu 
225 230 235 240 

Glu Ala Asp Asp Asp Glu Asp Asp Glu Asp Gly Asp Glu Val Glu Glu 
245 250 255 

Glu Ala Glu Glu Pro Tyr Glu Glu Ala Thr Glu Arg thr Thr Ser He 
260 265 270 
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Glu Val Asn Leu Asp Ala Glu Phe Arg His Asp Ser Gly Tyr Glu Val 
595 600 605 

His His Gin Lys Leu Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys 
610 615 620 

Gly Ala He lie Gly Leu Met Val Gly Gly Val Val He Ala Thr Val 
625 630 635 640 

He Val He Thr Leu Val Met Leu Lys Lys Lys Gin Tyr Thr Ser He 
645 650 655 

His His Gly Val Val Glu Val Asp Ala Ala Val Thr Pro Glu Glu Aarg 
660 665 . 670 

His Leu Ser Lys Met Gin Gin Asn Gly Tyr Glu Asn Pro Thr Tyr Lys 
675 680 685 


Phe Phe Glu Gin Met Gin Asn Lys Lys 
690 695 


<210> 19 

<211> 2094 

<212> DMA 

<213> Homo sapiens 

<400> 19 

atgctgcccg gtttggcact gctcctgctg 
cccactgatg gtaatgctgg cctgctggct 
ctgaacatgc acatgaatgt ccagaatggg 
acctgcattg ataccaagga aggcatcctg 
cagatcacca atgtggtaga agccaaccaa 
ggccgcaagc agtgcaagac ccatccccac 
gagtttgtaa gtgatgccct tctcgttcct 
atggatgttt gcgaaactca tcttcactgg 
aagagtacca acttgcatga ctacggcatg 
ggggtagagt ttgtgtgttg cccac tggct 
gcggaggagg atgactcgga tgtctggtgg 
agtgaagaca aagtagtaga agtagcagag 
gaagccgatg atgacgagga • cgatgaggat 
ccctacgaag aagccacaga gagaaccacc 
gagtctgtgg aagaggtggt tcgagttcct 
gacaagtatc tcgagacacc tggggatgag 
gagaggcttg aggccaagca ccgagagaga 
gcagaacgtc aagcaaagaa cttgcctaaa 
caggagaaag tggaatcttt ggaacaggaa 
acacacatgg ccagagtgga agccatgctc 
tacatcaccg ctctgcaggc tgttcctcct 
aagtatgtcc gcgcagaaca gaaggacaga 
cgcatggtgg atcccaagaa agccgctcag 
gtgatttatg agcgcatgaa tcagtctctc 
gaggagattc aggatgaagt tgatgagctg 
gtcttggcca acatgattag tgaaccaagg 
tctttgaccg aaacgaaaac caccgtggag 
gacgatctcc agccgtggca ttcttttggg 
gaagttgagc ctgttgatgc ccgccctgct 
tctgggttga caaatatcaa gacggaggag 
cgacatgact caggatatga agt teat cat 
ggttcaaaca aaggtgcaat cattggactc 
atcttcatca ccttggtg.at gctgaagaag 
gtggaggttg acgccgctgt caccccagag 
ggctacgaaa atccaaccta caagttcttt 


gccgcctgga cggctcgggc gctggaggta 60 
gaaccccaga ttgccatgtt ctgtggcaga 120 
^agtgggatt cagatccatc agggaccaaa 180 
cagtattgcc aagaagtcta ■ ccctgaactg 240 
ccagtgacca tccagaactg gtgcaagcgg 300 
tttgtgattc cctaccgctg cttagttggt 360 
gacaagtgca aattcttaca ccaggagagg 420 
cacaccgtcg ccaaagagac atgcagtgag 480 
ttgctgccct gcggaattga caagttccga 540 
gaagaaagtg acaatgtgga ttctgctgat 600 
ggcggagcag acacagacta tgcagatggg 660 
gaggaagaag tggctgaggt ggaagaagaa 720 
ggtgatgagg tagaggaaga ggctgaggaa 780 
agcattgcca ccaccaccac caccaccaca 840 
acaacagcag ccagtacccc tgatgccgtt 900 
aatgaacatg cccatttcca gaaagccaaa 960 
atgtcccagg tcatgagaga atgggaagag 1020 
gctgataaga aggcagttat ccagcatttc 1080 
gcagccaacg agagacagca gctggtggag 1140 
aatgaccgcc gccgcctggc cctggagaac 1200 
cggcctcgtc acgtgttcaa tatgctaaag 1260 
cagcacaccc taaagcattt cgagcatgtg 1320 
atccggtccc aggttatgac acacctccgt 1380 
tccctgctct acaacgtgcc tgcagtggcc 1440 
cttcagaaag agcaaaacta ttcagatgac 1500 
atcagttacsg gaaacgatgc tctcatgcca 1560 
ctccttcccg tgaatggaga gttcagcctg 1620 
gctgactctg tgccagccaa cacagaaaac 1680 
gccgaccgag gactgaccac tcgaccaggt 1740 
atctctgaag tgaagatgga tgcagaattc 1800 
caaaaattgg tgttctttgc agaagatgtg 1860 
atggtgggcg gtgttgtcat agcgacagtg 1920 
aaacagtaca catccattca tcatggtgtg 1980 
gagcgccacx: tgtccaagat gcagcagaac 2040 
gagcagatgc agaacaagaa gtag 2094 
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Val Pro Thr Thr Ala Ala Ser Thr Pro Asp Ala Val Asp Lys Tyr Leu 
290 295 300 

Glu Thr Pro Gly Asp Glu Asn Glu His Ala His Phe Gin Lys Ala Lys 
305 310 315 320 

Glu Arg Leu Glu Ala Lys His Arg Glu Arg Met Ser Gin Val Met Arg 
325 330 335 

Glu Trp Glu Glu Ala Glu Arg Gin Ala Lys Asn Leu Pro Lys Ala Asp 
340 345 350 

Lys Lys Ala Val He Gin His Phe Gin Glu Lys Val Glu Ser Leu Glu 
355 360 365 

Gin Glu Ala Ala Asn Glu Arg Gin Gin Leu Val Glu Thr His Met Ala 
370 375 380 

Arg Val Glu Ala Met Leu Asn Asp Arg Arg Arg Leu Ala Leu Glu Asn 
385 390 395 400 


Tyr He Thr Ala Leu Gin Ala Val Pro Pro Arg Pro Arg His Val Phe 
405 410 415 

Asn Met Leu Lys Lys Tyr Val Arg Ala Glu Gin Lys Asp Ar^ Gin His 
420 425 430 

Thr Leu Lys His Phe Glu His Val Arg Met Val Asp Pro Lys Lys Ala 
435 440 445 

Ala. Gin He Arg Ser Gin Val Met Thr His Leu Arg Val He Tyr Glu 
450 455 460 

Arg Met Asn Gin Ser Leu Ser Leu Leu Tyr Asn Val Pro Ala Val Ala 
465 470 475 480 

Glu Glu He Gin Asp Glu Val Asp Glu Leu Leu Gin Lys Glu Gin Asn 
485 490 495 

Tyr Ser Asp Asp Val Leu Ala Asn Met He Ser Glu Pro Arg He Ser 
500 505 510 

Tyr Gly Asn Asp Ala Leu Met Pro Ser Leu Thr Glu Thr Lys Thr Thr 
515 520 525 

Val Glu Leu Leu Pro Val Asn Gly Glu Phe Ser Leu Asp Asp Leu Gin 
530 535 540 

Pro Trp His Ser Phe Gly Ala Asp Ser Val Pro Ala Asn Thr Glu Asn 
545 550 555 560 

Glu Val Glu Pro Val Asp Ala Arg Pro Ala Ala Asp Arg Gly Leu Thr 
565 570 575 

Thr Arg Pro Gly Ser Gly Leu Thr Asn He Lys Thr Glu Glu He Ser 
580 585 590 


Glu Val Lys Met Asp Ala Glu Phe Arg His Asp Ser Gly Tyr Glu Val 
595 600 605 

His His Gin Lys Leu Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys 
610 615 620 
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Arg Arg oiy Ser Phe Val Glu Met Val Asp Asn Leu Arg Gly Lys Ser 
50 55 60 

Gly Gin Gly Tyr Tyr Val Glu Met Thr Val Gly Ser Pro Pro Gin Thr 
65 70 75 - 80 

Leu Asn He Leu Val Asp Thr Gly Ser Ser Asn Phe Ala Val Gly Ala 
85 90 95 

Ala Pro His Pro Phe Leu His Arg Tyr Tyr Gin Arg Gin Leu Ser Ser 
100 105 110 


Thr Tyr Arg Asp Leu Arg Lys Gly Val Tyr Val Pro Tyr Thr Gin Gly 
115 120 125 

Lys Trp Glu Gly Glu Leu Gly Thr Asp Leu Val Ser He Pro His Gly 
130 135 140 

Pro Asn Val Thr Val Arg Ala Asn He Ala Ala He Thr Glu Ser Asp 
145 150 155 160 

Lys Phe Phe He Asn Gly Ser Asn Trp Glu Gly He Leu Gly Leu Ala 
165 170 - 175 

Tyr Ala Glu He Ala Arg Pro Asp Asp Ser Leu Glu Pro Phe Phe Asp 
lao 185 190 

Ser -Leu Val Lys Gin Thr His Val Pro A^n Leu Phe Ser Leu His Leu 
195 200 . 205 

Cys Gly Ala Gly Phe Pro Leu Asn Gin Ser Glu Val Leu Ala Ser Val 
210 215 220 

Gly Gly Ser Met He He Gly Gly He Asp His Ser Leu Tyr Thr Gly 
225 230 235 240 

Ser Leu Trp Tyr Thr Pro He Arg Arg Glu Trp Tyr Tyr Glu Val He 
245 250 255 

He Val Arg Val Glu He Asn Gly Gin Asp Leu Lys Met Asp Cys Lys 
260 265 270 

Glu Tyr Asn Tyr Asp Lys Ser He Val Asp Ser Gly Thr Thr Asn Leu 
275 280 285 

Arg Leu Pro Lys Lys Val Phe Glu Ala Ala Val Lys Ser He Lys Ala 
290 295 300 

Ala Ser Ser Thr Glu Lys Phe Pro Asp Gly Phe Trp Leu Gly Glu Gin 
305 310 315 320 

Leu Val Cys Trp Gin Ala Gly Thr Thr Pro Trp Asn He Phe Pro Val 
325 330 335 

He Ser Leu Tyr Leu Met Gly Glu Val Thr Asn Gin Ser Phe Arg He 
340 345 350 

Thr He Leu Pro Gin Gin Tyr Leu Arg Pro Val Glu Asp Val Ala Thr 
355 360 365 

Ser Gin Asp Asp Cys Tyr Lys Phe Ala He Ser Gin Ser Ser Tlir Gly 
370 375 380 
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Ser Phe Val Glu Met Val Asp Asn lieu Arg Gly Lys Ser Gly Gin Gly 
65 70 75 80 

Tyr Tyr Val Glu Met Thr Val Gly Ser Pro Pro Gin Thr Leu Asn He 
85 90 95 

Leu Val Asp Thr Gly Ser Ser Asn Phe Ala Val Gly Ala Ala Pro His 
100 105 110 

Pro Phe Leu His Arg Tyr Tyr Gin Arg Gin Leu Ser Ser Thr Tyr Arg 
115 120 125 

Asp Leu Arg Lys Gly Val Tyr Val Pro Tyr Thr Gin Gly ilys Trp Glu 
130 135 140 

Gly Glu Leu Gly Thr Asp Leu Val Ser He Pro His Gly Pro Asn Val 
145 150 155 160 

Thr Val Arg Ala Asn He Ala Ala He Thr Glu Ser Asp Lys Phe Phe 
165 170 175 

He Asn Gly Ser Asn Trp Glu Gly He Leu Gly Leu Ala Tyr Ala Glu 
180 185 190 

He Ala Arg Pro Asp Asp Ser Leu Glu Pro Phe Phe Asp Ser Leu Val 
195 200 205 

Lys Gin Thr His Val Pro Asn Leu Phe Ser Leu His Leu Cys Gly Ala 
210 215 220 - 

Gly Phe Pro Leu Asn Gin Ser Glu Val Leu Ala Ser Val Gly Gly Ser 
225 230 235 240 

Met He He Gly Gly He Asp His Ser Leu Tyr Thr Gly Ser Leu Trp 
245 250 . 255 

Tyr Thr Pro He Arg Arg Glu Trp Tyr Tyr Glu Val He He Val Arg 
260 265 270 

Val Glu He Asn Gly Gin Asp Leu Lys Met Asp Cys Lys Glu Tyr Asn 
275 280 285 

Tyr Asp Lys Ser He Val Asp Ser Gly Thr Thr Asn Leu Arg Leu Pro 
290 295 300 


Lys Lys Val Phe Glu TQa Ala Val Lys Ser He Lys Ala Ala Ser Ser 
305 310 315 320 

Thr Glu Lys Phe Pro Asp Gly Phe Trp Leu Gly Glu Gin Leu Val Cys 
325 330 335 

Trp Gin Ala Gly Thr Thr Pro Trp Asn He Phe Pro Val He Ser Leu 
340 345 350 

Tyr Leu Met Gly Glu Val Thr Asn Gin Ser Phe Arg He Thr He Leu 
355 360 365 

Pro Gin Gin Tyr Leu Arg Pro Val Glu Asp Val Ala Thr Ser Gin Asp 
370 375 380 

Asp Cys Tyr Lys Phe Ala He Ser Gin Ser Ser Thr Gly Thr Val Met 
385 390 395 400 


wo 01/50829 


PCT/IBOl/00799 


-33- 

Val Gly Ala Ala Pro His Pro Phe Leu His Arg Tyr Tyr Gin Arg Gin 
85 90 95 

Leu Ser Ser Thr Tyr Arg Asp Leu Arg Lys Gly Val Tyr Val Pro Tyr 
100 105 110 

Thr Gin Gly Lys Trp Glu Gly Glu Leu Gly Thr Asp Leu Val Ser lie 
115 120 125 

Pro His Gly Pro Asn Val Thr Val Arg Ala Asn lie Ala Ala lie Thr 
130 135 . 140 

Glu Ser Asp Lys Phe Phe lie Asn Gly Ser Asn Trp Glu Gly He Leu 
145 150 155 160 

Gly Leu Ala Tyr Ala Glu He Ala Arg Pro Asp Asp Ser Leu Glu Pro 
165 170 175 

Phe Phe Asp Ser Leu Val Lys Gin Thr His Val Pro Asn Leu Phe Ser 
180 185 190 

Leu His Leu Cys Gly Ala Gly Phe Pro Leu Asn Gin Ser Glu Val Leu 
195 200 205 

Ala Ser Val Gly Gly Ser Met He He Gly Gly He Asp His Ser Leu 
210 215 220 

Tyr Thr Gly Ser Leu Trp Tyr Thr Pro He Arg Arg Glu Trp Tyr Tyr 
225 230 235 240 

Glu Val He He Val Arg Val Glu He Asn Gly Gin Asp Leu Lys Met 
245 250 255 

Asp Cys Lys Glu Tyr Asn Tyr Asp Lys Sex He Val Asp Ser Gly Thr 
260 265 . 270 

Thr Asn Leu Arg Leu Pro Lys Lys Val Phe Glu Ala Ala Val Lys Ser 
275 280 285 

He Lys Ala Ala Ser Ser Thr Glu Lys Phe Pro Asp Gly Phe Trp Leu 
290 295 300 

Gly Glu Gin Leu Val Cys Trp Gin Ala Gly Thr Thr Pro Trp Asn He 
305 310 315 320 

Phe Pro Val He Ser Leu Tyr Leu Met Gly Glu Val Thr Asn Gin Ser 
325 330 335 

Phe Arg He Thr He Leu Pro Gin Gin Tyr Leu Arg Pro Val Glu Asp 
340 345 350 

Val Ala Thr Ser Gin Asp Asp Cys Tyr Lys Phe Ala He Ser Gin Ser 
355 360 365 

Ser Thr Gly Thr Val Met Gly Ala Val He Met Glu Gly Phe Tyr Val 
370 375 . 380 

Val Phe Asp Arg Ala Arg Lys Arg He Gly Phe Ala Val Ser Ala Cys 
385 390 « 395 400 

His Val His Asp Glu Phe Arg Thr Ala Ala Val Glu Gly Pro Phe Val 
405 410 415 
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Arg Ala Asn He Ala Ala He Thr Glu Ser Asp Lys Phe Phe He Asn 
130 135 . 140 

Gly Ser Asn Trp Glu Gly He Leu Gly Leu Ala Tyr Ala Glu He Ala 
145 150 * 155 160 

Arg Pro Asp Asp Ser Leu Glu Pro Phe Phe Asp Ser Leu Val Lys Gin 
165 170 175 

Thr His Val Pro Asn Leu Phe Ser Leu His Leu Cys Gly Ala Gly Phe 
180 IBS 190 

Pro Leu Asn Gin Ser Glu Val Leu Ala Ser Val Gly Gly Ser Met He 
195 200 205 

He Gly Gly He Asp His Ser Leu Tyr Thr Gly Ser Leu Trp Tyr Thr 
210 215 220 

Pro He Arg Arg Glu Trp Tyr Tyr Glu Val He He Val Arg Val Glu 
225 230 235 240 

He Asn Gly Gin Asp Leu Lys Met Asp Cys Lys Glu Tyr Asn Tyr Asp 
245 250 255 

Lys Ser He Val Asp Ser Gly Thr Thr Asn Leu Arg Leu Pro Lys Lys 
260 265 270 

Val Phe Glu. Ala Ala Val Lys Ser He Lys Ala Ala Ser Ser Thr Glu 
275 280 . 285 

Lys Phe Pro, Asp Gly Phe Trp Leu Gly Glu Gin Leu Val Cys Trp Gin 
290 295 300 

Ala Gly Thr Thr Pro Trp Asn He Phe Pro Val He Ser Leu Tyr Leu 
305 310 315 320 

Met Gly Glu Val Thr Asn Gin Ser Phe Arg He Thr He Leu Pro Gin 
325 330 335 

Gin Tyr Leu Arg Pro Val Glu Asp Val Ala Thr Ser Gin Asp Asp Cys 
340 345 350 

Tyr Lys Phe Ala He Ser Gin Ser Ser Thr Gly Thr Val Met Gly Ala 
355 360 365 

Val He Met Glu Gly Phe Tyr Val Val Phe Asp Arg Ala Arg Lys Arg 
370 375 380 

He Gly Phe Ala Val Ser Ala Cys His Val His Asp Glu Phe Arg Thr 
385 390 395 40Q 

Ala Ala Val Glu Gly Pro Phe Val Thr Leu Asp Met Glu Asp Cys Gly 
405 410 415 

Tyr Asn He Pro Gin Thr Asp Glu Ser 
420 425 


<210> 29 
<211> 1362 
<212> DNA 

<213> Homo sapiens 
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Ala Ala lie Thr Glu Ser Asp Lys Phe Phe lie Asn Gly Ser Asn Trp 
165 170 175 

Glu Gly He lieu Gly Ijeu Ala Tyr Ala Glu He Ala Arg Pro Asp Asp 
180 185 . 190 

Ser Leu Glu Pro Phe Phe Asp Ser Leu Val Lys Gin Thr His Val Pro 
195 2O0 205 

Asn Leu Phe Ser Leu Gin Leu Cys Gly Ala Gly Phe Pro Leu Asn Gin 
210 215 220 


Ser Glu Val Leu Ala Ser Val Gly Gly Ser Met He He Gly Gly He 
225 230 235 240 

Asp His Ser Leu Tyr Thr Gly Ser Leu Trp Tyr Thr Pro He Arg Arg 
245 250 255 

Glu Trp Tyr Tyr Glu Val He He val Aarg Val Glu He Asn Gly Gin 
260 265 270 

Asp Leu Lys Met Asp Cys Lys Glu Tyr Asn Tyr Asp Lys Ser He Val 
275 280 285 

Asp Ser Gly Thr Thr Asn Leu Arg Leu Pro Lys Lys Val Phe Glu Ala 
290 295 300 

Ala Val Lys Ser He Lys Ala Ala Ser Ser Thr Glu Lys Phe Pro Asp 
305 310 315 320 

Giy Phe Trp Leu Gly Glu Gin Leu Val Cys Trp Gin Ala Gly Thr Thr 
325 330 335 

Pro Trp Asn He Phe Pro Val He Ser Leu Tyr Leu Met Gly Glu Val 
340 345 350 

Thr Asn Gin Ser Phe Arg He Thr He Leu Pro Gin Gin Tyr Leu Arg 
355 360 365 

Pro Val Glu Asp Val Ala Thr Ser Gin Asp Aep Cys Tyr Lys Phe Ala 
370 375 380 


He Ser Gin Ser Ser Thr Gly Thr Val Met Gly Ala Val He Met Glu 
385 390 395 400 

Gly Phe Tyr Val Val Phe Asp Arg Ala Arg Lys Arg He Gly Phe Ala 
405 410 415 

Val Ser Ala Cys His Val His Asp Glu Phe Arg Thr Ala Ala Val Glu 
420 425 430 


Gly Pro Phe Val Thr Leu Asp Met Glu Asp Cys Gly Tyr Asn He Pro 
435 440 445 

Gin Thr Asp Glu Ser 
450 


<210> 31 
<211> 1380 
<212> DNA 
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Ala Ala He Thr Glu Ser Asp Lys Phe Phe He Asn Gly Ser Asn Trp 

X70 

Glu Gly He Leu Gly Leu Ala Tyr Ala Glu He Ala Arg Pro Asp A^p 

185 . 190 

Ser Leu Glu Pro Phe Phe Asp Ser Leu Val Lya Gin Thr His Val Pro 
195 200 205 

Asn Leu Phe Ser Leu Gin Leu Cys Gly Ala Gly Phe Pro Leu Asn Gin 
210 215 220 

ser Glu Val Leu Ala Ser Val Gly Gly Ser Met He He Gly Gly He 
230 235 240 

Asp His Ser Leu Tyr Thr Gly Ser Leu Trp Tyr Thr Pro He Arg Arg 

250 255 

Glu Trp Tyr Tyr Glu Val He He Val Arg Val Glu He Asn Gly Gin 
260 265 270 

Asp Leu Lys Met Asp cys Lys Glu Tyr Asn Tyr Asp Lys Ser He Val 
275 280 285 

Asp Ser Gly Thr Thr Asn Leu Arg Leu Pro Lys Lys Val Phe Glu Ala 
290 295 300 

Ala val Lys Ser He Lys Ala Ala Ser Ser Thr Glu Lys Phe Pro Asp 
310 3X5 320 

Gly Phe Trp Leu Gly Glu Gin Leu Val Cys Trp Gin Ala Gly Thr Thr 
325 330 

Pro Trp Asn He Phe Pro Val He Ser Leu Tyr Leu Met Gly Glu Val 

345 350 

Thr Asn Gin Ser Phe Arg He Thr He Leu Pro Gin Gin tyr Leu Arg 

3S0 . 365 

Pro val Glu Asp Val Ala Thr Ser Gin Asp Asp Cys Tyr Lys Phe Ala 

375 380 

He Ser Gin Ser Ser Thr Gly Thr Val Met Gly Ala Val He Met Glu 
390 395 

Gly Phe Tyr Val Val Phe Asp Arg Ala Arg Lys Arg He Gly Phe Ala 
"5 410 

Val Ser Ala Cys His Val His Asp Glu Phe Arg Thr Ala Ala Val Glu 
'*20 425 


Gly Pro Phe Val Thr Leu Asp Met Glu Asp Cys Gly Tyr Asn He Pro 

^•^^ 440 

Gin Thr Asp Glu Ser His His His His His Hie 
450 455 


<210> 33 
<211> 25 
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<400> 39 

cggcatccgg ctgcccctgc gtagcggtct gggtggtgct ccactgggtc tgcgtctgcc 60 
ccgggagacc gacgaag 77 

<210> 40 
<211> 77 
<212> DMA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Hu-Asp2 
<400> 40 

cttcgtcggt ctcccggggc agacgcagac ccagtggagc accacccaga ccgctacgca 60 
ggggcagccg gatgccg 77 

<210> 41 
<211> 51 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence; Caspase 8 
Cleavage Site 

<400> 41 

gatcgatgac tatctctgac tctccgctgg actctggtat cgaaaccgac g 51 

<210> 42 
<211> 51 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Caspase 8 
Cleavage Site 

<:400> 42 

gatccgtcgg tttcgatacc agagtccagc ggagagtcag agatagtcat c 51 

<210> 43 

c211> 32 

<212> DNA 

<213> Homo sapiens 

<400> 43 

aaggatcctt tgtggagatg gtggacaacc tg 3,2 

<210> 44 

<211> 36 

<212> DNA 

<213> Homo sapiens 

<400> 44 

gaaagctttc atgactcatc tgtctgtgga atgttg 36 

<210> 45 
<211> 24 ' 
<212> DNA 

<213> Artificial Sequence 
<:220> 

<223> Description of Artificial Sequence: 6-His tag 
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taccgggacc tccggaaggg tgtgtatgtg ccctacaccc agggcaagtg ggaaggggag 420 
ctgggcaccg acctggtaag catcccccat ggccccaacg tcactgtgcg tgccaacatt 480 
gctgccatca ctgaatcaga caagttcttc atcaacggct ccaactggga aggcatcctg 540 
g99ctggcct atgctgagat tgccaggctt tgtggtgctg gcttccccxzt caaccagtct 600 
gaagtgctgg cctctgtcgg agggagcatg atcattggag gtatcgacca ctcgctgtac 660 
acaggcagtc tctggtatac acccatccgg cgggagtggt attatgaggt catcattgtg 720 
cgggtggaga tcaatggaca ggatctgaaa atggactgca aggagtacaa ctatgacaag 780 
agcattgtgg acagtggcac caccaacctt cgtttgccca agaaagtgtt tgaagctgca 840 
gtcaaatcca tcaaggcagc ctcctccacg gagaagttcc ctgatggttt ctggctagga 900 
gagcagctgg tgtgctggca agcaggcacc accccttgga acattttccc agtcatctca 960 
ctctacctaa tgggtgaggt taccaaccag tccttccgca tcaccatcct tccgcagcaa 1020 
tacctgcggc cagtggaaga tgtggccacg tcccaagacg actgttacaa gtttgccatc 1080 
tcacagtcat ccacgggcac tgttatggga gctgttatca tggagggctt ctacgttgtc 1140 
tttgatcggg cccgaaaacg aattggcttt gctgtcagcg cttgccatgt gcacgatgag 120O 
ttcaggacgg cagcggtgga aggccctttt gtcaccttgg acatggaaga ctgtggctac 1260 
aacattccac agacagatga gtcatga 1287 

<210> 51 
<211> 428 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Hu-Asp2 (b) 
delta TM 

<400> 51 

Met Ala Gin Ala Leu Pro Txp Leu Leu Leu Trp Met Gly Ala Gly Val 
1 5 10 15 

Leu Pro Ala His Gly Thr Gin His Gly lie. Arg Leu Pro Leu Arg Ser 
20 25 30 

Gly Leu Gly Gly Ala Pro Leu Gly Leu Arg Leu Pro Arg Glu Thr Asp 
35 40 45 

Glu Glu Pro Glu Glu Pro Gly Arg Arg Gly Ser Phe Val Glu Met Val 
50 .55 60 

Asp Asn Leu Arg Gly Lys Ser Gly Gin Gly Tyr Tyr Val Glu Met Thr 
65 70 75 80 

Val Gly Ser Pro Pro Gin Thr Leu Asn lie Leu Val Asp Thr Gly Ser 
85 90 95 

Ser Asn Phe Ala Val Gly Ala Ala Pro His Pro Phe I^u His Arg Tyr . 
100 105 110 

Tyr Gin Arg Gin Leu Ser Ser Thr Tyr Arg Asp Leu Arg Lys Gly Val 
115 120 125 

Tyr Val Pro Tyr Thr Gin Gly Lys Trp Glu Gly Glu Leu Gly Thr Asp 
130 135 140 

Leu Val Ser He Pro His Gly Pro Asn Val Thr Val Arg Ala Asn lie 
145 150 155 160 

Ala Ala lie Thr Glu Ser Asp Lys Phe Phe He Asn Gly Ser Asn Trp 
165 170 175 

Glu Gly He Leu Gly Leu Ala Tyr Ala Glu He Ala Arg Leu Cys Gly 
180 185 190 
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ctgggcaccg acctggtaag catcccccat ggccccaacg tcactgtgcg tgccaacatt 480 
gctgccatca ctgaatcaga caagttcttc atcaacggct ccaactggga aggcatcctg 540 
gggctggcct atgctgagat tgccaggctt tgtggtgctg gcttccccct caaccagtct 600 
gaagtgctgg cctctgtcgg agggagcatg atcattggag gtatcgacca ctcgctgtac 660. 
acaggcagtc tctggtatac acccatccgg cgggagtggt attatgaggt catcattgtg 720 
cgggtggaga tcaatggaca ggatctgaaa atggactgca aggagtacaa ctatgacaag 780 
agcattgtgg acagtggcac caccaacctt cgtttgccca agaaagtgtt tgaagctgca 840 
gtcaaatcca tcaaggcagc ctcctccacg gagaagttcc ctgatggttt ctggctagga 900 
gagcagctgg tgtgctggca agcaggcacc accccttgga acattttccc agtcatctca 960 
ctctacctaa tgggtgaggt taccaaccag tccttccgca tcaccatcct tccgcagcaa 1020 
tacctgcggc cagtggaaga tgtggccacg tcccaagacg actgttacaa gtttgccatc 1080 
tcacagtcat ccacgggcac tgttatggga gctgttatca tggagggctt ctacgttgtc 1140 
tttgatcggg cccgaaaacg aattggcttt gctgtcagcg cttgccatgt gcacgatgag 1200 
ttcaggacgg cagcggtgga aggccctttt gtcaccttgg acatggaaga ctgtggctac 1260 
aacattccac agacagatga gtcacagcag cagcagcagc agtga 1305 

<210> 53 
<211> 434 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence; Hu-Asp2(b) 
delta TM 

<400> 53 

Met Ala Gin Ala Leu Pro Trp I^u lieu Leu Tip Met Gly Ala Gly Vai 
1- - 5 10 ■ 15 

Leu Pro Ala His Gly Thr Gin His Gly lie Arg Leu Pro Leu Arg Ser 
20 25 30 

Gly Leu Gly Gly Ala Pro Leu Gly Leu Arg I*eu Pro Arg Glu Thr Asp 
35 40 45 

Glu Glu Pro Glu Glu Pro Gly Arg Arg Gly Ser Phe Val Glu Met Val 
50 55 60 

Asp Asn Leu Arg Gly Lys Ser Gly Gin Gly Tyr Tyr Val Glu Met Thr 
65 70 75 80 

Val Gly Ser Pro Pro Gin thr Leu Asn He Leu Val Asp Thr Gly Ser 
85 9.0 95 

Ser Asn Phe Ala Val Gly Ala Ala Pro His Pro Phe Leu His Arg Tyr 
100 105 110 

Tyr Gin Arg Gin Leu Ser Ser Thr Tyr Arg Aep Leu Arg Lys Gly Val 
115 120 125 


Tyr val Pro Tyr Thr Gin Gly Lys Trp Glu Gly Glu Leu Gly Thr Asp 
130 135 140 

Leu Val Ser lie Pro His Gly Pro Asn Val Thr Val Arg Ala Asn lie 
145 150 155 160 

Ala Ala He Thr Glu Ser Asp Lys Phe Phe He Asn Gly Ser Asn Trp 
165 170 175 

Glu Gly He Leu Gly Leu Ala Tyr Ala Glu He Ala Arg Leu Cys Gly 
180 185 190 
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gagtttgtaa gtgatgccct tctcgttcct gacaagtgca aattcttaca ccaggagagg 4 20 
atggatgttt gcgaaactca tcttcactgg cacaccgtcg ccaaagagac atgcagtgag 480 
aagagtacca acttgcatga ctacggcatg ttgctgccct gcggaattga caagttccga 540 
ggggtagagt ttgtgtgttg cccactggct gaagaaagtg acaatgtgga ttctgctgat 600 
gcggaggagg atgactcgga tgtctggtgg ggcggagcag acacagacta tgcagatggg 660 
agtgaagaca aagtagtaga agtagcagag gaggaagaag tggctgaggt ggaagaagaa 720 
gaagccgatg atgacgagga cgatgaggat ggtgatgagg tagaggaaga ggctgaggaa 780 
ccctacgaag aagccacaga gagaaccacc agcattgcca ccaccaccac caccaccaca 840 
gagtctgtgg aagaggtggt tcgagaggtg tgctctgaac aagccgagac ggggccgtgc 900 
cgagcaatga tctcccgctg gtactttgat gtgactgaag ggaagtgtgc cccattcttt 960 
tacggcggat gtggcggcaa ccggaacaac tttgacacag aagagtactg catggccgtg 1020 
tgtggcagcg ccatgtccca aagtttactc aagactaccc aggaacctct tggccgagat 1080 
cctgttaaac ttcctacaac agcagccagt acccctgatg ccgttgacaa gtatctcgag 1140 
acacctgggg atgagaatga acatgcccat ttccagaaag ccaaagagag gcttgaggcc 1200 
aagcaccgag agagaatgtc ccaggtcatg agagaatggg aagaggcaga acgtcaagca 1260 
aagaacttgc ctaaagctga taagaaggca gttatccagc atttccagga gaaagtggaa 1320 
tctttggaac aggaagcagc caacgagaga cagcagctgg tggagacaca catggccaga 1380 
gtggaagcca tgctcaatga ccgccgccgc ctggccctgg agaactacat caccgctctg 1440 
caggctgttc ctcctcggcc tcgtcacgtg ttcaatatgc taaagaagta tgtccgcgca 1500 
gaacagaagg acagacagca caccctaaag catttcgagc atgtgcgcat. ggtggatccc 1560 
aagaaagccg ctcagatccg gtcccaggtt atgacacacc tccgtgtgat ttatgagcgc 1620 
atgaatcagt ctctctccct gctctacaac gtgcctgcag tggccgagga gattcaggat 1680 
gaagttgatg agctgcttca gaaagagcaa aactattcag atgacgtctt ggccaacatg 1740 
attagtgaac caaggatcag ttacggaaac gatgctctca tgccatcttt gaccgaaacg 1800 
aaaaccaccg tggagctcct tcccgtgaat ggagagttca gcctggacga tctccagccg 1860 
tggcattctt ttggggctga ctctgtgcca gccaacacag aaaacgaagt- tgagcctgtt 1920 
gatgcccgcc ctgctgccga ccgaggactg accactcgac caggttctgg gttgacaaat 1980 
atcaagacgg aggagatctc tgaagtgaag atggatgcag aattccgaca tgactcagga 2040 
tatgaagttc atcatcaaaa attggtgttc tttgcagaag atgtgggttc aaacaaaggt 2100 : 
gcaatcattg gactcatggt gggcggtgtt gtcatagcga cagtgatcgt catcaccttg 2160. 
gtgatgctga agaagaaaca gtacacatcc attcatcatg gtgtggtgga ggttgacgcc 2220 
gctgtcaccc cagaggagcg ccacctgtcc aagatgcagc agaacggcta cgaaaatcca 2280 
acctacaagt tctttgagca gatgcagaac - 2310 

<210> 55 

<211> 770 

<212> PRT 

<213> Homo sapiens 

<400> 55 

Met I^u Pro Gly Leu Ala Leu Leu Leu Leu Ala Ala Trp Thr Ala Arg 
15 10 15 

Ala Leu Glu Val Pro Thr Asp Gly Asn Ala Gly Leu Leu Ala Glu Pro 
20 25 30 

Gin He Ala Met Phe Cys Gly Arg Leu Asn Met His Met Asn Val Gin 
35 * 40 45 

Asn Gly Lys Trp Asp Ser Asp Pro Ser Gly Thr Lys Thr Cys He Asp 
50 55 60 

Thr Lys Glu Gly He Leu Gin Tyr Cys Gin Glu Val Tyr Pro Glu Leu 
65 70 75 80 

Gin He Thr Asn Val Val Glu Ala Asn Gin Pro Val Thr He Gin Asn 
85 90 95 

Trp Cys Lys Arg Gly Arg Lys Gin Cys Lys Thr His Pro His Phe Val 
100 105 110 

He Pro Tyr Arg Cys Leu Val Gly Glu Phe Val Ser Asp Ala Leu Leu 
115 120 125 
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Leu Asn Asp Arg Arg Arg Leu Ala Leu Glu Asn Tyr lie Thr Ala Leu 
465 470 475 480 

Gin Ala Val Pro Pro Arg Pro Arg His Val Phe Asn Met Leu Lys Lys 
485 490 495 

Tyr Val Arg Ala Glu Gin Lys Asp Arg Gin His Thr Leu Lys His Phe 
500 505 510 

Glu His Val Arg Met Val Asp Pro Lys Lys Ala Ala Gin He Arg Ser 
515 520 525 


Gin Val Met Thr His Leu Arg Val He Tyr Glu Arg Met Asn Gin Ser 
530 535 540 

Leu Ser Leu Leu Tyr Asn Val Pro Ala Val Ala Glu Glu He Gin Asp 
545 550 555 560 

Glu Val Asp Glu Leu Leu Gin Lys Glu Gin Asn Tyr Ser Asp Asp Val 
565 570 575 

Leu Ala Asn Met He Ser Glu Pro Arg He Ser Tyr Gly Asn Asp Ala 
580 585 590 

Leu Met Pro Ser Leu Thr Glu Thr Lys Thr Thr Val Glu Leu Leu Pro 
595 600 605 

Val Asn Gly Glu Phe Ser Leu Asp Asp Leu Gin Pro Trp His Ser Phe 
610 615 620 

Gly Ala Asp Ser Val Pro Ala Asn Thr Glu Asn Glu Val Glu Pro Val 
625 630 635 640 

Asp Ala Arg Pro Ala Ala Asp Arg Gly Leu Thr Thr Arg Pro Gly Ser 
645 650 655 

Gly Leu Thr Asn He Lys Thr Glu Glu He Ser Glu Val Lys Met Asp 
660 665 670 

Ala Glu Phe Arg His Asp Ser Gly Tyr Glu Val His His Gin Lys Leu* 
675 680 685 

Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys Gly Ala He He Gly 
690 695 700 

Leu Met Val Gly Gly Val Val He Ala Thr Val He Val He Thr Leu 
705 710 715 720 

Val Met Leu Lys Lys Lys Gin Tyr Thr Ser He His His Gly Val Val 
725 730 735 

Glu Val Asp Ala Ala Val Thr Pro Glu Glu Arg His Leu Ser Lys Met 
740 . 745 750 

Gin Gin Asn Gly Tyr Glu Asn Pro Thr Tyr Lys Phe Phe Glu Gin Met 
755 760 765 


Gin Asn 
770 
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Thr Lye Glu Gly lie Leu Gin Tyr Cys Gin Glu Val Tyr Pro Glu Leu 
65 70 75 80 

Gin lie Thr Asn Val Val Glu Ala Asn Gin Pro Val Thr lie Gin Asn 
85 90 95 

Trp Cys Lys Arg Gly Arg Lys Gin Cys Lys Thr His Pro His Phe Val 
100 105 110 

lie Pro Tyr Arg Cys Leu Val Gly Glu Phe Val Ser Asp Ala Leu Leu 
115 120 . 125 


Val Pro Asp Lys Cys Lys Phe Leu His Gin Glu Arg Met Asp Val Cys 
130 135 140 

Glu Thr His Leu His Trp His Thr Val Ala Lys Glu Thr Cys Ser Glu 
145 . 150 155 160 

Lys Ser Thr Asn Leu His Asp Tyr Gly Met Leu Leu Pro Cys Gly He 
165 . 170 . . 175 

Asp Lys Phe Arg Gly Val Glu Phe Val Cys Cys Pro Leu Ala Glu Glu 
180 185 . 190 

Ser- Asp Asn Val Asp Ser Ala Asp Ala Glu Glu Asp Asp Ser Asp Val 
195 200 205 

Trp Trp Gly Gly Ala Asp Thr Asp Tyr Ala Asp Gly Ser Glu Asp Lys 
.210 215 220 

Val Val Glu Val Ala Glu Glu Glu Glu Val Ala Glu Val Glu. Glu Glu 
225 230 235 240 

Glu Ala Asp Asp Asp Glu Asp Asp Glu. Asp Gly Asp Glu Val Glu Glu 
245 250 255 

Glu Ala Glu Glu Pro Tyr Glu Glu Ala Thr Glu Arg Thr Thr Ser He 
260 , 265 270 

Ala Thr Thr Thr Thr Thr Thr Thr Glu Ser Val Glu Glu Val Val Arg 
275 280 285 

Glu Val Cys Ser Glu Gin Ala Glu Thr Gly Pro Cys Arg Ala Met lie 
290 295 300 

Ser Arg Trp Tyr Phe Asp Val Thr Glu Gly Lys Cys Ala Pro Phe Phe 
305 310 315 320 

Tyr Gly Gly Cys Gly Gly Asn Arg Asn Asn Phe Asp Thr Glu Glu Tyr 
325 330 335 

Cys Met Ala Val Cys Gly Ser Ala He Pro Thr Thr Ala Ala Ser Thr 
340 345 350 

Pro Asp Ala Val Asp Lys Tyr Leu Glu Thr Pro Gly Asp Glu Asn Glu 
355 360 365 

His Ala His Phe Gin Lys Ala Lys Glu Arg Leu Glu Ala Lys His Arg 
370 375 380 


Glu Arg Met Ser Gin Val Met Arg Glu Trp Glu Glu Ala Glu Arg Gin 
385 390 395 400 
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Gly Tyr Glu Asn Pro Thr Tyr Lys Phe Phe Glu Gin Met Gin Asn 
740 745 750 


<210> 5B 

<211> 2316 

<212> DNA 

<213> HoTtto sapiens 

<400> 58 

atgctgcccg gtttggcact gctcctgctg gccgcctgga cggctcgggc gctggaggta 60 
cccactgatg gtaatgctgg cctgctggct gaaccccaga ttgccatgtt ctgtggcaga 120 
ctgaacatgc acatgaatgt ccagaatggg aagtgggatt cagatccatc agggaccaaa IBO 
acctgcattg ataccaagga aggcatcctg cagtattgcc aagaagtcta ccctgaactg 240 
cagatcacca atgtggtaga agccaaccaa ccagcgacca tccagaactg gtgcaagcgg 300 
ggccgcaagc agtgcaagac ccatccccac tttgtgattc cctaccgctg cttagttggt 360 
gagtttgtaa gtgatgccct tctcgttcct gacaagtgca aattcttaca ccaggagagg 420 
atggatgttt gcgaaactca tcttcactgg cacaccgtcg ccaaagagac atgcagtgag 480 
aagagtacca acttgcatga ctacggcatg ttgctgccct gcggaattga caagttccga 540 ■ 
ggggtagagt ttgtgtgttg cccactggct gaagaaagtg acaatgtgga ttctgctgat 600 
gcggaggagg atgactcgga tgtctggtgg ggcggagcag acacagacta tgcagatggg 660 
agtgaagaca aagtagtaga agtagcagag gaggaagaag tggctgaggt ggaagaagaa 720 
gaagccgatg atgacgagga cgatgaggat ggtgatgagg tagaggaaga ggctgaggaa 780 
ccctacgaag aagccacaga gagaaccacc agcattgcca ccaccaccac caccaccaca 840 
gagtctgtgg aagaggtggt tcgagaggtg tgctctgaac aagccgagac ggggccgtgc 900 
cgagcaatga tctcccgctg gtactttgat gtgactgaag ggaagtgtgc cccattcttt 960 
tacggcggat gtggcggcaa ccggaacaac tttgacacag aagagtactg catggccgtg 1020 * 
tgtggcagcg ccatgtccca aagtttactc aagactaccc aggaacctct tggccgagat 1080 
cctgttaaac ttcctacaac agcagccagt acccctgatg ccgttgacaa gtatctcgag 1140 • 
acacctgggg atgagaatga acatgcccat ttccagaaag ccaaagagag gcttgaggcc 1200 
aagcaccgag agagaatgtc ccaggtcatg agagaatggg aagaggcaga acgtcaagca 1260 
aagaacttgc ctaaagctga taagaaggca gttatccagc atttccagga gaaagtggaa 1320 
tctttggaac aggaagcagc caacgagaga cagcagctgg tggagacaca catggccaga 1380 
gtggaagcca tgctcaatga ccgccgccgc ctggccctgg agaactacat *caccgctctg 1440 
caggctgttc ctcctcggcc tcgtcacgtg ttcaatatgc taaagaagta tgtccgcgca 1500 • 
gaacagaagg acagacagca caccctaaag catttcgagc atgtgcgcat ggtggatccc 1560 
aagaaagccg ctcagatccg gtcccaggtt atgacacacc tccgtgtgat ttatgagcgc 1620 
atgaatcagt ctctctccct gctctacaac gtgcctgcag tggccgagga gattcaggat 1680 
gaagttgatg agctgcttca gaaagagcEia aactattcag atgacgtctt ggccaacatg 1740 
attagtgaac caaggatcag ttacggaaac gatgctctca tgccatcttt gaccgaaacg 1800 
aaaaccaccg tggagctcct tcccgtgaat ggagagttca gcctggacga tctccagccg 1860 
tggcattctt ttggggctga ctctgtgcca gccaacacag aaaacgaagt tgagcctgtt 1920 
gatgcccgcc ctgctgccga ccgaggactg accactcgac caggttctgg gttgacaaat 1980 
atcaagacgg aggagatctc tgaagtgaag atggatgcag aattccgaca tgactcagga 2040 
tatgaagttc atcatcaaaa attggtgttc tttgcagaag atgtgggttc aaacaaaggt 2100 
gcaatcattg gactcatggt gggcggtgtt gtcatagcga cagtgatcgt catcaccttg 2150 
gtgatgctga agaagaaaca gtacacatcc attcatcatg gtgtggtgga ggttgacgcc 2220 
gctgtcaccc cagaggagcg ccacctgtcc aagatgcagc agaacggcta cgaaaatcca 2280 
acctacaagt tctttgagca gatgcagaac aagaag 2316 

<:210> 59 

<211> 772 

<212> PRT 

<213> Homo sapiens 

<400> 59 

Met Leu Pro Gly Leu Ala Leu Leu Leu Leu Ala Ala Tip Thr Ala Arg 
15 10 15 


Ala Leu Glu Val Pro Thr Asp Gly Asn Ala Gly Leu Leu Ala Glu Pro 
20 25 30 
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Ala ser Thr Pro Asp Ala Val Asp Lys Tyr Leu Glu Thr Pro Gly Asp 
370 375 380 

Glu Asn Glu His Ala His Phe Gin Lys Ala Lys Glu Arg Leu Glu Ala 
385 390 395 400 

Lys His Arg Glu Arg Met Ser Gin Val Met Arg Glu Trp Glu Glu Ala 
405 410 415 

Glu Arg Gin Ala Lys Asn Leu Pro Lys Ala Asp Lys Lys Ala Val lie 
420 425 430 

Gin His Phe Gin Glu Lys Val Glu Ser Leu Glu Gin Glu Ala Ala Asn 
435 440 445 

Glu Arg Gin Gin Leu Val Glu Thr His Met Ala Arg Val Glu Ala Met 
450 455 460 


Leu Asn Asp Arg Arg Arg Leu Ala Leu Glu Asn Tyr lie Thr Ala Leu 
465 470 475 480 

Gin Ala Val Pro Pro Arg Pro Arg His Val Phe Asn Met Leu Lys Lys 
485 490 495 

Tyr Val Arg Ala Glu Gin Lys Asp Arg Gin His Thr Leu Lys His Phe 
J500 505 510 

Gin His Val Arg Met Val Asp Pro Lys Lys Ala Ala Gin lie Arg Ser 
515 520 525 

Gin Val Met Thr His Leu Arg Val lie Tyr Glu Arg Met Asn Gin Ser 
530 535 540 


Leu Ser Leu Leu Tyr Asn Val Pro Ala Val Ala Glu Glu lie Gin Asp 
545 550 555 560 

Glu Val Asp Glu Leu Leu Gin Lys Glu Gin Asn Tyr Ser Asp Asp Val 
565 570 575 

Leu Ala Asn Met lie Ser Glu Pro Arg lie Ser Tyr Gly Asn Asp Ala 
580 585 590 

Leu Met Pro Ser Leu Thr Glu Thr Lys Thr Thr Val Glu Leu Leu Pro 
595 600 605 

Val Asn Gly Glu Phe Ser Leu Asp Asp Leu Gin Pro Trp His Ser Phe 
610 615 620 

Gly Ala Asp Ser Val Pro Ala Asn Thr Glu Asn Glu Val Glu Pro Val 
525 630 635 640 

Asp Ala Arg Pro Ala Ala Asp Arg Gly Leu Thr Thr Arg Pro Gly Ser 
645. 650 655 

Gly Leu Thr Asn He Lys Thr Glu Glu He Ser Glu Val Lys Met Asp 
660 665 670 

Ala Glu Phe Arg His Asp Ser Gly Tyr Glu Val His His Gin Lys Leu 
675 680 685 

Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys Gly Ala He He Gly 
6^0 695 700 
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<210> 61 
<211> 753 
<212> PRT 

<213> Homo sapiens 
<400> 61 

Met Leu Pro Gly Leu Ala Leu Leu Leu Leu Ala Ala Trp Thr Ala Arg 
15 10 15 

Ala Leu Glu Val Pro Thr Asp Gly Asn Ala Gly Leu Leu Ala Glu Pro 
20 25 30 

Gin He Ala Met Phe Cys Gly Arg Leu Asn Met His Met Asn Val Gin 
35 40 45 

Asn Gly Lys Trp Asp Ser Asp Pro Ser Gly Thr Lys Thr Cys He Asp 
50 55 60 

Thr Lys Glu Gly He Leu Gin Tyr Cys Gin Glu Val Tyr Pro Glu Leu 
65 70 75 80 

Gin He Thr Asn Val Val Glu Ala Asn Gin Pro Val Thr He Gin Asn 
85 90 95 

Trp Cys Lys Arg Gly Arg Lys Gin Cys Lys Thr His Pro His Phe Val 
100 105 110 

He Pro Tyr Arg Cys Leu Val Gly Glu Phe Val Ser Asp Al-a Leu Leu 
115 120 : 125 

Val Pro Asp Lys Cys Lys Phe Leu His Gin Glu Arg Met Asp Val Cys 
. 130 135 140 

Glu Thr His Leu His Trp His Thr Val Ala Lys Glu Thr Cys Ser Glu 
145 150 155 160 

Lys Ser Thr Asn Leu His Asp Tyr Gly Met Leu Leu Pro Cys Gly He 
165 170 . 175 

Asp Lys Phe Arg Gly Val Glu Phe Val Cys Cys Pro Leu Ala Glu Glu 
180 185 190 

Ser Asp Asn Val Asp Ser Ala Asp Ala Glu Glu Asp Asp Ser Asp Val 
195 .200 205 

Trp Trp Gly Gly Ala Asp llir Asp Tyr Ala Asp Gly Ser Glu Asp Lys 
210 ^ 215 220 

Val Val Glu Val Ala Glu Glu Glu Glu Val Ala Glu Val Glu Glu Glu 
225 230 235 240 

Glu Ala Asp Asp Asp Glu Asp Asf) Glu Asp Gly Asp Glu Val Glu Glu 
245 '250 255 

Glu Ala Glu Glu Pro Tyr Glu Glu Ala Thr Glu Arg Thr Thr Ser He 
260 265 270 


Ala Thr Thr Thr Thr Thr Thr Thr Glu Ser Val Glu Glu Val Val Arg 
275 280 285 

Glu Val Cys Ser Glu Gin Ala Glu Thr Gly Pro Cys Arg Ala Met He 
290 295 300 
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Asn lie Lys Thr Glu Glu lie Ser Glu Val Lys Met Asp Ala Glu Phe 
645 650 655 

Arg His Asp Ser Gly Tyr Glu Val His His Gin Lys Leu Val Phe Phe 
660 665 670 

Ala Glu Asp Val Gly Ser Asn Lys Gly Ala He He Gly Leu Met Val 
675 680 685 

Gly Gly Val Val lie Ala Thr Val He Val He Thr Leu Val Met Leu 
690 695 700 

Lys Lys Lys Gin Tyr Thr Ser He His His Gly Val Val Glu Val Asp 
705 710 715 720 

Ala Ala Val Thr Pro Glu Glu Arg His Leu Ser Lys Met Gin Gin Asn 
725 730 735 

Gly Tyr Glu Asn Pro Thr Tyr Lys Phe Phe Glu Gin Met Gin Asn Lys 
740 745 750 

Lys 


<210> 62 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic 
<400> 62 

Leu Glu Val Leu Phe Gin Gly Pro 
1 5 


<210> 63 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic 
<400> 63 

Ser Glu Val Asn Leu Asp Ala Glu Phe Arg 

1 5 10 ' 


<210> 64 
c211> 10 
<212> PRT 

<213> Artificial Sequence 
<220=. 

<223> Description of T^ificial Sequence: synthetic 


<400> 64 

Ser Glu Val Lys Met Asp Ala Glu Phe Arg 

1.5 10 
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Thr Gin His Gly lie Arg 
1 5 


<210> 70 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Peptide 
<400> 70 

Glu Thr Asp Glu Glu Pro 
1 5 


<210> 71 
<211> 15 
<212> PRT 

c213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequencer Peptide 
<400> 71 

Met Cys Ala Glu Val Lys Met Asp Ala Glu Phe Lys Asp Asn Pro 
1 5 10 15 

<210> 72 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic 
<400> 72 

Asp Ala Glu Phe Arg 
1 5 

<210> 73 
<211> 5 
<:212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: synthetic 
<400> 73 


Ser Glu Val Asn Leu 
1 5 


